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PREFACE. 



IHE IiiBtrumeritB enumerated iu this Catalogue and described in the Hniiust, 
are those of our regular mauufacture. FuH supplies of Engiueers' and Survey- 
ors' Instruments will be kept on hand, but the demaii J of lute iias been so great 
l&B to exhaust our supply. IiiBtrumenCs varflug from our customary designs, or 
llliose of rare iiniiiiry, will be made to order only. 

While tlie cuts given represent tlie iuatrumeiits us they have been made by lis, 
Revertlieless make changes from time to time, as experience and the progress 
englneeriug show them to be desirable. 

Our long expiTieuce iit the manufitcture of Engineering and Astronomical Iit- 

'fltraments, enables us to unite in oiu* InBtrimieiita the high aeeurucy and fiiHnh 

the European makere, with the lightness, combined with strength, s{eiKline«s, 

ibUity uniX portabiiiiy required by American engineers- 
Having added to our dividing engine with a circle of two feet in diameter, one 
baQt by the late J. II. Temple, Boston, Mass., with a circle of throe feet iu diame- 
ter, we now possess two automatic dividing engines, capable of giving very 
satisfactory graduations. One is famous for its accuracy and great simplicity in 
Its automatic part, the other as being a master-piece in the parfectioa of its every 
part, and as being the crowning effort of a man both eminent as a mechanician and 
u an Instrument-raaker. 

^ careful selection of BkiUed workmen. Increased facilities of steam power, and 

the ai^cation of the most improved tools and machinery, enables us to offer at a 

moderate cost a very superior ajticle. We make no pretence at manufacturing 

cheap Instruments, — our prices are as low as is consistent with thoroughness of 

WOrkmanaliip and the best materials. We may bere add that every instrument 

^iBBUed by ua has its most Important parts made by ua in person. We include under 

head, the diviiUng and centering of all graduations, the fitting of the centers, 

>pe, etc., and the final adjustment of the whole iiistnimeut. 

We vriab to remark that all of our telescopes are provided witli such magnifying 

powers as will suffice to developo the full capacity of the particular instrument to 

■which it is adapted. We make our telescopes of as large aperture us poaaible, and 

-we thus eecure brilliancy without the loss of accuracy consequent upon a low 

magnifying power; andlngeneralthemagnityingpower, aperture, spirit levels and 

graduations are so related that a slight change in one of these points will be Indicated 

change in the pointing of the telescope easOy detected by the eye. 

With the aid of this Catalogue, Engineers at a distance can now avail themselves 

onr instruments, and can rely upon being as well served as though they called 

tis personally. 

BUFF & BERGER. 
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DESCRIPTION 
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Essential Features of Our Instruments. 



Graduation. 

This very important part of a good instrument we guarantee exact and accurately 
centered, opposite verniers reading tiie same. The Imes are straight, thoroughly 
black and uniform in width. There are two double verniers in every transit to read 
angles with great rapidity as well as to make four separate readmgs at every sight, 
when extreme accuracy in the repetition of angles is required. The horizontal 
circle is graduated from 0° to 360° with two sets of ligures, running in opposite 
directions ( unless ordered differently,) and the verniers are marked Aand B. The 
figures are large and distmct, and to avoid mistakes m reading, the ligures of these 
two sets of graduations, and those on the verniers, are inclined m opposite directions, 
thus indicating the directions in which the verniers should be read. 

Instruments intended for mining and mountain use can have the verniers so 
placed that they may be read without changing the position of the engineer after 
sighting through the telescope. 

Glass covers protect the arc and verniers from exposure. For case in reading 
the verniers, we have added to most of our instruments two plates of ground glass, 
which cast a very clear light on the verniers, in any position. We recommend this 
addition to all of our more complete transits. The cost will be $3 additional. 

The graduations on our transits are either on brass and silvered, or else gradu- 
ated on solid silver. The former we can only recommend for the more ordinary 
instruments, since imperfections in the brass or composition castings frequently 
impair the graduations, and the silvering is apt to tarnish with time and exposure. 

To graduate on solid silver adds ^10 to the first outlay for the instrument, but its 
many advantages, great permanency and smoothness of surface render it the only 
satisfactory surface for fine graduations. 



The Telescope. 

All of its lenses are ground especially for us, by the best opticians. The teles- 
cope is perfectly achromatic^ and designed to furnish a large, flat field of view with 
high power and yet without loss of light. For this purpose the curves of all our 
lenses are ground by special formuTa3. The telescopes show objects right side 
up, unless ordered otherwise. ♦ 

The object-glass lias a very large aperture, and is focussed by rack and pinion,t 
but the eye-piece is focussed by simply turning its head to the right or left in an 
improved screw-like manner. 

Bv a method of construction peculiar to ourselves, we are enabled to guarantee 
the line of colUmation correct for all distances without making use of the very objec- 
tionable adjustment for tlie object-slide by moans of inner rings, which time and 
experience has proven to wear loose too readily, thus rendering this adjustment 
worse than none at all. 

The eye-pieces are thoroughly achromatic, and their lenses are mounted in such 
a perfect manner (a method also peculiar to us) as to require no fm*ther adjustment 
With regard to the axis of telescope. 

*It should be remembered that the focal length of the object glass is limited in engineering instruments and 
that a high power is obtained only at the sacrifice of light. To obtain the fullest satisfaction, telescopes intend- 
ed for close work, as in stadia measurement, etc., should invariably be ordered to be inverting. The 
brilliancy with which objects appear in such a telescope, owing to the amount of light gained by 
«aying two lenses in the e;"'>-piece is vary marked as compared with one of the same power an^^ focal lengtn 
allowing objects erect. 

fThis rack and pinion motion is now so placed upon our telescopes that it is more easy of access h^ ^^^J^!« 
Ittsid than when placed at the side, as shown in most of out cuts. 



The telescope of the transit reverses at both the eye and object ends, and is 
thoroughly balanced when focussed for a mean distance. 

The telescope of the wye and dumpy level is also balanced each way from the 
center of the vertical axis when focussed for mean distance and with the su^i-shade 
attached to it, 

Spirit-lievels. 

The Spirit Levels used in our instruments are carefully ground, filled and tested 
by us in person.* 

Those for the highest class of engineering work are sometimes provided with an 
air chamber by winch the length of the bubble can be regulated according to tem- 
perature. The levels for astronomical instiuments have an* chambers, and are filled 
with ether, but in field instruments ether is not admissable, owing to the high 
degree of expansion and contraction in that fluid with changes of temperature. 
For these we use a composition fluid that we have found to be more sensitive and 
quick-acting than that used in instruments we have seen of otlier makers. 

Our astronomical levels are so ground that a depression througli one second of 
arc causes a displacement of the bubble through about ^ of an inch. The curva- 
ture or sensitiveness of our levels for field instruments we adapt carefully to the 
instruments and the khid of work to which they are to be applied. With too sen- 
sitive a level the position of the bubble would be too uneasy to work with, while 
too low a sensitiveness would not reveal the full qualities of an instrument. Persons 
ordering instruments of us will confer a favor by stating for what purpose they are 
intended, whether for water works, for railroads, or lor general use, so that we 
can use our judgment for their benefit. 

Gradienter Screw. 

[DtscriptioM to he found thtwhert ] 

This is attached to the clamp of telescope of all of our transits except the plain 
transit. This attachment was first Introduced by Prof. Stampfer, of the Vienna 
Polytechnic School. It does not add to the weight of the instrument, and once 
used we have found it to be universally approved by our customers. By means of 
it grades can be established, and horizontal distances^ vertical angles and differences 
of level can be measured with great rapidity. Indeed this attachment to an en- 

f:ineer's transit is one of the most useful introductions in practical engineering, 
t is so universal in its application to railroad and general work, that when once 
used it will afterwards form an indispensible part of an engineer's outfit. 



Fixed Stadia Wires for Distance Measurements. 

We have specially devised an optical and mechanical apparatus for the purpose 
of placing fixed, or non-adjustable stadia wires so accurately upon the diaphragms 
of our telescopes that their distance apart will read 1' : 100' * on any leveling rod, 
as with the gradienter screw, thus dispensing with a special rod. 

It is well known that adjustable stadia wires are so apt to change their distance 
apart with every change of temperature, that no reliance can be placed upon them 
unless previously adjusted. With fixed stadia wires, annoyances of this kind are 
obviated — they are reliable at all times. 

As regards the degree of accuracy attainable by the use of fixed stadia wires, 
experiments with our powerful telescopes, made optically as perfect as the most 
advanced optical and mechanical skill enables us, warrant to say that with some 
experience and proper care the results obtained will approximate and even equal 
those obtained by chain measurements. The price for this accessory in any new 
instrument is only 83.00, but if inserted into a telescope sent to ns for that purpose^ 
we must charge $10.00. We advise to order both the gradienter screw and the 
fixed stadia wires, as each in itself, separately or jointly, will prove of great value* 

* In all stadia work, the constant, which is the distance from the center of the instrument to a point in front 
of the object glass equal to its focal length, must be added to every measurement. Thus the constant in our 
transit No. i, with inverting telescope^ measured from centre of the instrument, is 1.3 feet; same instrument, 
telescope erecting, 2.15 feet. Transit, size as in No. 2, telescope inverting, x.15 feet; same instnmient» 
telescope erecting, 0.94 feet. In our z8*inch Wye level, telescope erecting, this constant is x.78 feet. 



Taiig:ent Screws. 

^_ . e prorlded witli strong Mpiral aprtagt of german silver, which take up 

J tbQ dead inotion< no matter buw Jong the screw may be lit uie, or bow worji. 
Sey are (ea« liable to get out of order, by blows or acciaents, than any of the ex- 
mtig tangent screws, and require ICtcJe or no atteotlonon thf part of the engineer. 
SerelsnoMrain on either plate when the instrument )e clamped, so that the levels 

« unadbcted. Theyare set and turned with the greatett ease, following the move- 
lentsoflbeflnger instantaneously with mathemaUcal predslon, and do not acratch 
'b plate In revolving inBtmment. We confidently recommend this form of con- 

— tlon to those who have not used our instmments. ae the best posafble ; eupcr- 
2 the usual methods by means of two opposing screws, or ball tangent screw, 

„_iryiiipolntof convenience and accuracy, and equalling them in pobit of steadi- 
es. By tills construction we are also able Co Ht our upper and lower circle plates 
• BUUgly that It is Impossible for dust to enter between them. Onr leveling (ostru- 
Huts have the clamp and tangent screws so placed that tliey can be reached by 
Blier band with the same readiness. 



The Compass. 

r The Compass circles are graduateil to half degrees in quadrants from Cfi to 90°. 

"■fl needles are made of superior steel, and tempered all over. A coll of flne wire 

ftdied to the end pointing South balances the needleforourlatitnde, which must 

B re-balanced if the Instrument is used further north or south of this latitude, and 

Uist be entirety reversed if used ou the southern hemisphere of our earth. At & 

~et of 910.00 a variation plate can be placed upon our surveyors' transit to set off 

« variation of the ni'.edle for any particular locality. A stationary pointer Just 

KJVe the graduated ring at the South end, and protected by the glass-cover of tlie 

Mmpass, Indicates the line joining therertical plane of the line of collimation of the 

%escope. liy means of a millea-headed nut, also at the South end of compass, 

ntt^nK both as a handle and as a clamp-screw, the graduated ring can be turned 

bat tma pointer towai'ds East or West as the case may require. 

Tripod. 

[ The form we adopt for onr instnimcnts is an improvement over what is com- 
nly termed the ''split leg" tripod, used extensively In Europe, which unites the 
itett ttmngth anil steadmess with the least weight. The tripod-head is cast in a 
Riglo costing, to avoid all small screws, as well as to attain greater stifihess. For 
6 legs we use the best Hue grained white ash, taking particular pains that the 
Bla of the wood runs in the direction of the leg. Tliey are still flirtber guarded 
«lnEt all possible accidents by having wooden tongs inserted at their top. When 



V the ordinary round Icgti-ipoil piiividedastbat is with nnylelding brass checks 
**t^hton" the legs, are so great that there is but one opinion regarding Its real 
ivant^ee, and we gladly bear tlu' greater expense incurred In its manufacture. 
I Otir &vels and transits both (it the same tripods, which can be distinguished only 
V tbeif different lengths — the level tripod being two inches longer. 

Shifting Tripod. 

' We have also adapted to all our engineers' transits the shifting tripod or flii/tlng 
ifiHtf, by which, after an approslmate setting of the tripod, the transit can be 
Bfnediately brought over a point ou ttie ground. This device we also attach to 

f iBBtruments with three leveling screws in a most perfect and simple manner, 

it'wlthout impairiug their steadiness and portability. 

Adjnstable Plumb-Bob. 

t We flimish with all our transits a small brass cliidn and hook, which are 
" meet«(l to the centers of tlio iiislruments. The cord of the plnmb-bob can be 
"ly attached or detached Ivoai this hook, and by means of a neat, small ai;d 
« device, (also flirnishcd wlili every Instrument,) the phunb-bob can be ait- 
1 over the ground at any height, with hardly any effort on the part of the 




niumination of Cross-Wires. 

For Mining and Tunnel Transits. 

This consists of a small hole drilled tliroiigh tlie transverse axis of tlie telescope, 
and closed at each end with small glass plates, to prevent dust entering the tele- 
scope. In the center of the telescope is placed a small adjustable reflector, oy means 
of which the cross-wires can be very readily illuminated in the mine or tunnel by 
the reflection of the light of a lamp placed on a small table, which is attached to 
the standard. This lamp is provided with a ground lens. This method of illumi- 
nating wires is the best known to astronomers ; it is the easiest to operate witliout 
assistance, or a change of lamp or position of the telescoije. It can be applied to 
all our transits. 

iSee IVood Cut A sironovttcal Instruments. ] 



Arrangement for Offsetting at Bight Angles. 

Upon unscrewing the small adjustable reflector in the center of the telescope, 
which is explained in the foregoing paragraph, a perfect line of sight is had at right 
angles to the telescope. By simply sighting through the axis, ofisets may be 
conveniently established without (Usturbmg either clamp or telescope wlien the eye 
is brought close to the instrument; its application is, however, limited to even 
ground. To use it on an uneven ground it is necessary to place the eye at a dis- 
tance of twelve or fifteen inches from the instrument. The h(*ad should then be 
moved until the eye is in line with the openings of the transverse axis. An offset 
can then be aligned irrespective of tlie height of tlie instrument. 



Quick Leveling Attacliment. 

This we can apply to any of our Mining and Mountain Transits and TiCveling 
Instruments. It adds about 1 lb. to the weight and $8.00 to the cost of an instru- 
ment. 

Protection to tlie Object-Slide, &c. 

A rain and dust guard for the object-slide is now furnished with all of our 
telescopes, and to insure smooth working of the object slide and telescope tul)e 
both are made of a non-friction metal. The graduation of the horizontal circle, 
the centers and such other important parts that are liable to injury by the action 
of dust and water in the fleld-use of an instrument, are entirely protected. 

General Construction. 

In regard to the general construction of our instruments, the dead weight is 
removed wherever it is sliown to be not essential to tlie stiffness of tlie instruuicint ; 
but we have at the same time strengthened the parts most likely to be injured by 
an accident or fall. Thus the base of the standards^ tlie vernier plate and circle, tlit^ 
parallel plates for leveling screws, the telescope azis^the flanges of centers^ cross-bar 
of level, etc.» are made especially rigid and provided with ribs. Instead of flnisliing 




as light as consistent with strength. 

We also call attention to the exceptionally hard bell-metal and phosphor bronze 
used for our centers and telescope axis, which are long and %inyielding. and the 
remaining parts are of a composition metals which is itself harder than hammered 
brass, or red composition, used ordinarily for centers, etc. It is more difficult to 
work, but we avoid the objectionable softer brass in its use. Experience has 
proven that soft, or hammered jrellow brass is unfit for a good field or astronomical 
instrument, since it is more liable to fretting and yielding generally, and in the 
hammered state its unequal expansion and contraction ai different temperatures 
mftv hfi so marked as to impair the reliability of the adjustments. 
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The Finish. 

It is a well-known fact that the black finish has one objection. It absorbs the 
heat readily, and tlierefore is apt to expand an instrument unequally, and thereby 
deranges its adjustments. We therefore consider it necessary to finish certain paits 
of an Instrument in a bright but not glaring finish — including tlie upper plate, the 
standards and the telescope in the transit ; the cross-bar and tlie telescope in the 
^vye level, etc. All other portions may be finished and bronzed before lacquering. 
This finish gives a very fine appearance to the whole instrument ; it wears better 
than black, and is in better taste. 

Customers desiring to have their instruments finished entirely in bronze, how- 
over, can do so by notifymg us of their wishes. 



Cloth-Finish. 

It is so called becTiuse the parts of an instrument so finished have the feeling to 
the hand of being covered with cloth of a very close texture, — there is no further 
resemblance to cloth however. 

The principle is borrowed from astronomical instruments, where it is necessary 
to cover the surfaces with some non-conducting material in order to avoid distui-b- 
ances in instrumental adjustments caused by suddenly varying temperatures. 

We have adopted this principle with the view of securing the same results for 
our finer transits, wye and dumpy levels. Some of these levels are sensitive to a 
depression of a single second of arc. 

Instruments finished in tliis manner heat up or cool down very gradually, 
causing the minimum derangement of the adjustments, and being of a dark brown 
<5olor, this finish miites all the advantages of a bright finish with the convenience 
of having a dark colored instrument to use in the sunshine. 

As regards durability, it will not quite equal tlie bright finish, but is superior to 
the bronze or black ; this fact, coupled with the ease with which it can be restored 
at any time, leads us to recommend it in all cases where engineers do not care so 
much for an elegant appearing instrument after a number of years, as for an 
instrument in which every precaution is taken to avoid the influence of sudden 
changes of temperature. 

In finishing an instrument in this manner, we are not obliged to polish its 
surfaces so finely, and thus can offer our transits with standards 'finished in this 
manner at $5 less than when finished in the other ways. 



Packing:. 



In putting our instriiinents In their cases, none of them separate above the leveling 
screws. They stand erects and are ready for use upon unlocking the case. 



In conclusion, we wish to say that we aim to secure in our engineers' 
instruments — 

1. Simplicity in manipulation. 

2. Lightness, combined icith strength. 

3. Accuracy of division. 

4. Achromatic telescope, with high poirrr. 

0. Steadiness of adjustments under varying temperatures. 

6. Stiffness ; to avoid any tremor even in a strong wind. 

And we would add, that since all our leveling, tangent and gradienter screws 
are cut with precision in our engine lathes, and then run through a size jdate to 
ensure uniformity and perfect smoothness, that wo are able to replace any such 
part of our instruments by mail. The spiral springs, and most other small parts 
of the instrument, can be supplied in the same manner. 
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Caxe of Znstnunezits. 

Do not allow the legs of your tripod to play loose on the tripod head ; keep nuts 
and bolts always well tightened up against the wood. Examine the shoes from 
time to time, and sharpen them if necessary, also screw the shoes tight, if wear and 
tear loosen them. Be sure your Instrument is well secured to its tripod before 
using it. Bring all four leveling screws to a seat before shouldering instrument. 
Let the needle down upon its pivot as gently as possible, and allow it to play only 
when in use ; if too far out from its course check movements of needle carefully 
by means of lifter. Never permit playing with the needle, especially not with 
knives, keys, etc. Be sure to arrest the needle after use, and screw it well up against 
the glass cover before shouldering instrument. Do not clean the glass cover or 
the lenses with a silk handkerchief ; breathe over the compass-glass and reading 
lens if one is used, after cleaning. Examine the buttons of your coat with regard 
to iron that may be concealed in them, also beware of nickel-plated watch chains, 
etc. To clean the object-giass and the lenses use a fine camel hair brush. If 
dust, or sticky or fatty matter cannot be removed with the brush, take an old 
clean piece of soft linen, and carefully wipe it off. Do not unscrew the object-glass^ 
unnecessarily, — this is apt to distui'b the adjustment of line of coUimation. The 
lens nearest the eye of eye-piece, as well as the front side of the object-glass, need 
careful brushing with^;ie brush from time to time. 

If dust settles on cross-hairs and become troublesome, unscrew the eye-piece 
and object-glass, and gently blow tlnough the telescope tube, cover up both ends 
and wait a few minutes before inserting the eye-piece and object-glass. Be sure to 
have the object-glass cell screioed well up against its shotilder^ and then examine the 
adjustment of line of collimation (see adjustment of line of coUimation.) Do not 
grease the object-slide of telescope, or screws that are exposed to dust ; use a stiff 
tooth brush to clean slides or threads if dusty. 

To take out the eye-piece, unscrew the screw at the end of the main tube, take 
hold of tlie eye-piece and pull it out. 

To focus the cross-hairs, take liold of the eye-piece cap and turn it in a screw-like 
manner until cross-hau*s appear distinct, and as if fastened on tlie object when the 
head is being moved. 

Should there be any fretting in the telescope slide, take it out, and endeavor ta 
smooth the rough part with tlie back of a pocket knife. 

To clean the threads of leveling or tangent screws when working hard^ use a stifT 
tooth brush to first clean the threads of all dust, then apply a little oil, and work 
the screw in an4 out with alternate brushing to remove dirt and all oil until it 
moves perfectly free and smooth. 

Screws for the adjustment of cross-hairs should not be strained any more than 
necessary to insure a firm seat ; all straining of such screws beyond this simply 
impairs the accuracy of instrument and reliability of adjustment. 

When in the field always carry a Gossamer water-proof for the instrument in 
your pocket, to put over it in case of a shower or dust cloud. On reaching office, 
after use of instrument, dust it off generally with another fine brush ; examine the 
centers and all other principal movements to see if they run perfectly free and 
easy, and oil them if necessary ; also examine the adjustments. This will save 
expense and many hours of vexation in the field. 

Care of Centers and Graduation. 

As the centers, the telescope axis and the graduations require greater care to 
preserve their fine qualities, perhaps it is not amiss to say a few words concerning 
their treatment. 

Upon llndhig that the centers do not revolve as free as usual after exposure of 
the instrument m an extremely hot or cold weather, they should be cleaned as soon 
as time permits, and then proceed as follows : 

Unscrew the milled-head nut at the extreme end of the cylindrical tube containing 
a spiral spring, which is opposite the upper tangent screw. Do it somewhat cau- 
tiously, or the spring will fly out. Then unscrew a small cylindrical case, which 
' '^ has a milled edge, and which is at the bottom of the centers. This case contains 
\ triangular spring to balance the upper weight of the instrument within a 
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He (;arerul lo keep the face of this epring up in its cuse, which ia best 
pleated bf a bright point lii Its center. After uaBcrewIag tlie nut attached to tiie 
"icr center, agontiepreBsiire iipwardawillliitthevemierpUteout from the lowur 
rt of tlie iListrnmeiit. I'ake a Une cn.niL-1 huir brush, auil witli It clean the gradua- 
. II, tlic verniers andtlieijuierpart of tlio instrument, — butdonotrubthegrudiiation, 
bcojally notitx edge, — then tiike a stick of about tlie sairie titper as the inner center, 
p some wash-leather alightly Booked in flue oil around It, anil clean tlie hisides- 
; JiO aocketa aa earefuUy as possible : then remove tliispioeo of wash-leather and 
t&p ft fl-esh piece without oil around tbe stick anil clean dry. Proceed Bimilar witli 
e CH^ntere and tlieir flanges. 

Before applying fresh and pure wateh oU, liowever, care should be taken that 

not a paiticle of duet or other foreign matter is left iu the sockets, on the centers, 

or on the graduation. This caution having been taken, the fresh oil should be well 

iB atribntcd on all the bearing parts. It wm bo well to also exiimine the arm of the 

~^*nip 8crew of the circle and telescope axis, and if necessaiy clean hy removing 

"'" ". After the instrument is thoronghly cleaned and oUed,theiiuts and springs 

] back to njtrm seat, the iustrmueut roust turn perfectly ftee and yield at 

b slightest touch of the hand. 



Care of Telescope Leuses. 

|!Ab dtiet and moisture, as well as perspiration f^om the hands, wUl settle on the 

Xface of the lenses of a telescope, it becomes necessary that they should be 

Baited at times. A neglect to keep the lenses free from any fllm, scratches, etc., 

greatly impatra the clear sight through the telescope. To remove the dimness, 

produced o^ such a fllm. proceed thus : — Brush each lens carefuUy with a camel's 

, uair brush, wipe gently with a clean peace of chamois leather moistened with al- 

- —Sol, and wipe dry usmg a clean part of the chamois skin on every portion of the 

S, to avoid grinding and scratching. Wlien perfectly transparent brush again 

nmove any fiber that may adhere to the lens. I'he tubes in which the lenses tit 

Kkld be brushed, and If damp should be dried; this done, restore each lens to 

Kpt-iginal place as marked. To remove dampness in the main tube of the teles- 

^e> take out the eye-piece, cover the open end wUh clolh and leave the instrument 

a dry room fbr some time. 

■" an instrument has been exposed to a damp atmosphere, or water has pene- 
1 the telescope, moisture may settle between the crown and flint glass of 
pch tbe object-glass is composed. If such is the ease exjiose the instrument to 
||8unft)ra few hours, but if in the winter, leave It in a warm room some distance- 
' n tbe stove, the moisture will then generally evaporate. Howeyer, if not suc- 
ifiil, unscrew the object-glass from the telescope, and heat it slightly over a 
Eve or open fire. Tf a film settles between these glasses nothing can be done ex- 
-Ifit sending the instrument to the maker. The two glasses form one lens only 
and must not be disturbed, us upon their relation to e.ach other the deflnltion and 
achroniaticity of the telescope depends. Of course, if at any time the objects-glass 
has been unscrewed from the telescope, the o<^ustment of line of coUimatiou must 
" " "u be verified before the instrument Is used. 



Kepair of lustnimeiits. 



I We are often applied to fur correcting new and rcpauHug old instnnneuts made 

VOther makers. We will hero remark, that as workniansiiip, material and coiv- 

" n of Uilfereiit makers' instruments vary from one another, it is oftentimes 

ble to ivpiiir them in an enth-ely aatiafactoiy maimer without going into an 

in-nntable great expensn, or without making such alterations as would praoti- 

lakeanewone. We willalwaysgn,-iranteelusuchertsestoputthelnsli-ument 

• nU-i- uuiX ac^ustment as tlie elmvaeti'r of its construotion. workmanship 



S 



■ar will permit, and that 

_ e chai'gcs will be according to time 

9 is consistent witli good work. Parties sending insinunents. 

Mli'Call whatever pHits tliey wish to have repaii-ed; but the best 

'■ills to linvB the instmment put in Chiyravgh ordfr and adjxuCmeiU. 

I ii'F'— that tlie lirni should make such warrantable repaii-s as will 

iili' as possible. This course is always more expensive, but tlie 

jgisiitiBllici.i)i\- u> insure good work, and it Is also tbe chcaiwst iu the eud. 



Engineers' Instrunfients and Their Adjustnfients. 

WRITTRN BSFSaALLY FOR THIS CATALOGUE, BY 

I^OXAliD WALDO, 

JkSSXSTANT AT THB OBSERVATORY OF HARVARD UMIVRKSITY. 



General Kemarks. 

TKE OPTICAL PART. 

In the construction of telescopes for engineers' instruments, several difficulties 
present themselves. To be portable, the telescope must be of small aperture, and 
of short focus. To make it of sliort focus and yet retain sufficient aperture to give 
the light necessary with the eye-pieces used, requires especial care on the part of 
the maker, both in securing tne true curves for the crown and flint glass lenses, 
which make up the achromatic object-glass, and in adapting an eye-piece which 
will secure a flat held, witli the least distortion. 

Of the many forms of eye-pieces known, Messrs. Buff & Berger, after careful 
experiments with the fonnulas suggested by the distinguished astronomer. Sir 
George B. Airy, and the late Mr. Kellner, of Wetzlar, (tlie two best formulas 
known,) have adopted the latter. Mr. Kellner's formula employs four lenses, 
mounted separatelv, and so arranged as to secure a flat fleld of the sharpest deflni- 
tion, to the very euge. 

The magnifying power of the telescope depends upon the relation l)etween tlie 
focal length of the object-glass and the focal length of the eye-i)iece, considered as 
s. single lens : Thus — 

1^ F = focal length of the object-glass, 

f = *' '* *• eye-piece. 

Then ■«- = magnifying power of telescope. 

It is readily seen that the magnifying power nrnj be increased or diminished by 
altering the focal lengtli f , of tlie eye-piece ; but if the maker increases the power 
too much, since only a flxed amount of light can enter the object-glass, this flxed 
-amount of light is spread over too much surface in the field of view, and the object 
seen is therefore too faint. If the maker gets the magnifying power too small, 
then the engineer has a difficulty in pointing the telescope accurately. Some other 
points in regard to the magnifying power will be referred to in the description of 
the transit telescope. Messrs. Buff & Berger have found about twenty-four 
diameters to be the most satisfactory power for their Engineers' Transit Telescopes ; 
and for levels the powers increase in proportion to the size of the instruments. 

Very nuich depends upon the optical part of any instrument, and very little has 
been put into the hands of the practical engineer by which he may rigidly test it. 
Tlie follo\Wng suggestions may be found convenient. 

* The telescope should come sharply into focus, and ia very little movement of the 
focussing screw, either way, should cause the image to blur. When it is shai-ply 
focussed, covering any part of the object-glass without altering the focus, should 
not alter the sharpness of definition but merely cut oflT light. The pencil of light 
which enters the object-glass, should come out at the eye end. To ascertain this, 
see whether a pointer which you place just in contact with the edge of the object- 
^lass, can be wholly seen in the small disc of light which you will notice at the 
small opening of the eve end when you draw your head back some inches from the 
telescope, and point the telescope towards the sky. If the pointer cannot be seen 
1111 to the very edge, then the maker has inserted a diaphragm which cuts off light 
* object-glass, and, very probably, to conceal the faults in making. In this 



ifltiis nal aperture of the telcscoiji' is rcjiiiul by moving the pitlnterovetthe ottl^ct- 
^ iss until its point is just visible, and measuring from tlie iimcr edge of tlie brass 
(ell holding tlie object^laes to the pointer. Twice tbig tlistuiice subtracted from 
She distance between the two edges of tbe brass cell, will give tiie real or dear 
aperture of tlie telescope. The clear aperture, divided by the diameter of tbe small 
c:&cle of light at the eje end. when the telescope is focussed on a distant object, 
'e toemr — "~' i'.i._i.„i «tn — .1 > . *_ > ,. 



wlUglve 1 

scope, mei . 

diameter of the circle of light t 

Ing power of the telescope ■ 



tlic eye end, was, K- OC. 
■^ = 22,5 diameters. 



In thie case, the magnify- 



■ l«li 



Another way to determine the niagnifyiiig power, la to measure the angnlar 
distance between two points with a transit, and thea measure tlie same disinnae 
■with the telescope of which the power is to be ascertained, placed so that the tran- 
sit must point Into its object-glaaa and see the same angular diataneo through the 
second telescope inverted. Tlien calling tbo first angle Ag and the angle as seen. 
dioilnlsluMl through the Introduction of the second telescope Inverted a* we have 

the toognifying power of the second telescope ^- ■ ^— y -- Thus the angle sal>- 
tended by a window sash, several hundred feet away, was tneasm'ed by a transit 
instrum.ent direct, and found to be, l^oft'eO", WhenaY level, previously focussed 
on ft distant object, was set before the transit, with Its object-glass towards the 
transit, tbe same sash was measBrcd and the angle was found to be but S'SO*. In 
this oase, therefore, 

the magnifying power of Ylevel= ^ . . j .!,,^ ^ ~ ian' CP 1' ja" ^^'*^ diametcra.— 



^WT 



ricUlt 
I^SuUel 



Or, for an approximation, a card cut one Inch wide may be set up across a room 
, the side of a measure graduated to inches. Then, the number of inches ou tbe 
_ieasure seen by one eye, covered by the image of the white card seen through the 
telescope by the other eye, will give, roughly, the magnifjdng power. 

It la dlfllcult, without months of use, to fliUy test an instrument in all Its parts ; 
but la choosing an uietrument the engineer should bear in mind that tlie maliing of 
the transit anutlie level are considered to be &ats of meclianical skill. It should 
be remembered that there is no machine so delicate that it can fiiiigh tbe essential 
puts of aa Instrument. The last stages in its maklngmust depend upon the personal 
ririliofBomemeclianic. who lias a reputation for that particular work; and we are 
■orry to add, that so difBcidt is It to secure the mechanical skill and patience re- 
- - ' ed !n tbe Unlsbhig of the interior pai-ts, the onlv essential ones, and so easy Is 
a<kl the lacquer and polish of the outside, that the market is full of Instruments 
IM at a price enough lower than tbe best makers can work, to seem to effect a 
~ "e saving of the tlrst cost ; but such a saving is money borrowed at the highest 

_^^ of Interest, when the cost of annual repaira Is considered. It is better at the 

©utaet to buy of a maker who is noted for tbe con scientioiia accuracy of his work. 
An imperfect rack motion ; a screw turned home on tbe wrong thread ; a wabbling 
of tlie object-slide or eye-piece; a slight space between the edge of the yemler ana 
the limb of tlie circle; in fact, any inechauical defect, no matter bow slight it may 



Tlie TTmelTieer's Transit. 

I In the ftrst part of tliia eatidogne, Hessrs. Scff & Bekger liave pointed out 
■"" peciUiarlUi'S and ImprovL'UU'iiis in this instrument, as coustnicted by them. In 
dng of tbe adjustments of these lii»'triuncnls It is well for the engineer to 
lUber tluit the coustrnction is aimed to be sueli that if the telescope aud levels 
BMreAdly atljusted tliey may remain so for even a number of years to come. If 
pmaumuent sniferg iio rough usage. 
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Description of the Telescope. 

The object-glass is acliromatic, that is, made of two lenses, one of crown and 
one of flint glass, with the curves computed from special formulae, so that the tel- 
escopes majr have as large an apertm*e as possible with its short focal length. The 
engineer will appreciate the slightest gain in the diameter of the object-glass, since 
the amount of the light received from any object varies as the square of that diam- 
eter. Thus an object-glass 1}^ hiches in diameter, will admit half as much light 
again as an object-glass one ihch in diameter. 

The magnitying power must be proportional to the aperture. If the magnify- 
ing power is too high for the aperture, ordinary objects will appear too faint ; and 
If the magnifying power is too low, the objects will be seen so small that the en- 
gineer cannot point upon them with sufficient accm'acy. 

The magnifying power should be such that the least perceptible motion of the 
bubble of a level, or change in the reading of the verniers, should cause sufficient 
movement of the cross-wires over the object in the field of view to be readily no- 
ticeable. A higher power than this is worse than useless, since objects are less 
brilliant. A lower power would not develope the full capacities of the instrument. 
Messrs. Buff & Bcrger adapt therefore the magnifying powers of their instruments 
to the sensitiveness of the levels, and the fineness of the graduations. 

The cross lines in the telescope are bona fide spider webs, except where plati- 
num wires have been specially ordered. Incase they should be broken, they may 
t)e restored in the following manner : clean the reticme frame of all foreign matter ; 
put it on a sheet of white paper, with the cuts on its surface uppermost. Prepare 
a little shellac by dissolving it in the best alcohol and waiting until it is of the 
•consistency of oil. From the spider's cocoon, which the engineer has prudently 
secured at some previous time, select two or three webs, each about two inches 
long and of the same appearance. Attach each end of tliese webs to a bit of paper 
or wood to act as weights, and Immerse them in water for five or ten minutes. 
Remove one web from the water, and very gently pass it between the fore finger 
and thumb nails, holding it vertically to remove any particles of moisture or dirt. 
Stretch the web carefully over two of the opposite cuts in the reticule frame. 
Fasten one end by a drop of the shellac, let fall gently from a bit of pointed wood or 
the blade of a penknife. Wait a moment for this drop of shellac to harden. See 
that the web is taut across the frame, and apply another drop of the shellac to the 
opposite cut with its enclosed web. Wait several minutes before cutting off" the 
two ends of the web, and then proceed in the same manner with the web which is 
to be placed at right angles to this one. 

The easiest eye-piece to make is a two-lens negative eye-piece, used by astron- 
omers ; but unfortunately the objects would be seen inverted. It is necessary in 
practice to use an eye-piece of four lenses to give an erect image, with a fiat and 
colorless field of view; and the construction of this eye-piece is especially difficult 
in the case of such short telescopes as are used for engineering instruments. 

The best results are, however, obtained with telescopes showing objects inverted. 
It requires but little practice to get accustomed to its use, and in preparing a self- 
reading level rod the engineer should so place the figures that they wul show 
erect when seen through an inverting telescope. 



The Graduations. 

Enguieers' transits have various graduations on their circles, according to the 
requirements of the different branches of civil engineering. These various gradua- 
tions are read by opposite verniers, wliich may be either single or double. American 
Instrmiients have usually double opposite verniers, commonly reading the circle to 
single minutes or to thirty seconds. For a higher grade of work, required in the 
larger cities and on extended land surveys, they should, however, read to twenty 
or ten seconds. 

The customary graduations of Buff & Berger's instruments are. First, — the circle 
divided to half degrees, the verniers reading to single minutes. Second, — the circle 
divided to twenty minutes, the verniers reading to thirty seconds. Third, — iihe 
circle divided to fifteen minutes, the verniers reading to twenty seconds. Fourth,^ 
the circle divided to ten mhiutes, the yeniiers reading to ten seconds. 
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To express the relation between the vernier and circle divisions, let d=the value 
2)f one division of the circle ; d'=the value of one division of the vernier ; d-d^= 
the least count of the vernier, or, in other words, the smallest readuig of the circle. 

n= the number of spaces of the vernier which correspond to (n — 1) spaces of 
the circle. 

We then have the three formulas ; 

d 



(1.) 
(2.) 

(3.) 



n = 



a 



1*. 



d^d' 

71 — 1 



n 



d—d'^ 



n 



I'hus, for example, suppose the circle was divided to 15% and it was desired to 
read to 20". Here, d = 1 5' 

d — d'^ or, the least count =20" 



Then, by formula (1) 



7i = 



15 



r/ 



15 X 60" 



20" 



20" 



=45 



•Therefore, 45 spaces of the vernier must correspond to 44 or(n-l) spaces of the 
circle. 

Suppose again the arc to be divided to 20', and to be read to 30". In this case 
we have 

20 X 60 .^ 
n=— 3^— =40 

Therefore, 40 spaces of the vernier must correspond to 39, or (71 — 1) spaces of 
the circle. These are the graduations which Messrs. Buff & Berger usually adopt 
/or engineers' transits. 




The cut shows a portion of the circle and vernier, to illustrate the method of 
reading to thiity seconds. 

The Ihies marked 130, 140, and 150 denote 10° each. The shorter lines half way 
l)etween them denote 135° and 145°. The next shorter lines denote whole degrees, 
while the sliortest lines are one-third of a degree, or 20^ apart. 

The vernier comprises the upper series of lines. Of this series only that half 
lying to the right of the vertical aiTOw, or zero, and having the figures 10 and 20 
inchned in the same direction as the 130, 140, and 150 of the arc, Is to be used in 
eonnection with these figures. Tlie vernier is double, — one half to be used with 
one set of graduations of tlie arc, the other half to be used when angles are laid off 
{sa the opposite direction, and then the lower set of figures, 210, 220, and 230 are used. 

It is to be especially remembered that the figures on the vernier are inclined in 
the same direction as the figures on the arc to which they belong. 

.To read the vernier, first note the whole degrees, and 20^ spaces lying between 
tlie last 10 degree division and the zero division of the vernier. 

Thus in the cut, using the upper line of figures, the zero of the vernier has passed 
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the 130° division, and moved on until it is between the 20' and 40^ sp^e beyond the 
138° mark. The first part of our reading will therefore be 138° 20^. 

Second, look along the vernier, beginning from the zero point, and in the direc- 
tion in which the graduation of the arc runs, until one line of the vernier is found 
which seems to be a prolongation of an opposite line on the arc. 

CJonsider each of the vernier spaces between the vernier zero and such a line, 
as equal to 30" of arc. 

Add the number of minutes and seconds thus obtained to the first reading. The 
result will be the reading of the circle. 

Thus we notice that the vernier zero is a trifle over half-way of the distance 
between the 20^ and 40' marks of the arc. 

And looking along the vernier to the right, we notice that the lines of the ver- 
nier gradually approach the lines on the arc until the twentieth line of the vernier 
Is precisely opposite a line on the arc. Of course, since each vernier space denotes 
30^, the alternate ones made a little longer in the cut will denote single minutes, 
and on the vernier therefore the twentieth line would correspond to 10' 00'', and 
since our first reading was between 20' and 40', this vernier reading is to be added 
to that first reading. , 

Thus, 138° 20^ 

_____10^_JO" 

138° 30' 00" will be the reading of the vernier,. 

using the upper graduation. 

In the same manner we proceed to the left in reading the lower graduation, in 
which the figures are inclined to the left. Thus in the cut, we should find the zero- 
point of the vernier is bejond the 221° 20' mark, and the line of the vernier, which 
is seemingly a prolongation of a line of the arc, corresponds to 10' 00". Then we 
have 221° 20' 

10' 00" 



221° 30' 00" for the reading of the vernier, using^ 

the lower graduation. 

Practically, in reading the vernier, the engineer decides which line Is in coinci- 
dence by the position of the lines on both sides. 

He first notices, roughly, what fractional part of a space on the limb lies between 
the vernier zero and the last graduation mark it has passed. This enables him to 
look Immediately to that part of the vernier in which the coincidence occurs. 

Thus in the figure the vernier zero Is about half way between 221° 20' and 221° 40', 
the engineer therefore immediately looks about half way along the vernier and 
finds the 10' 00" division to be the one sought. 

When the graduation is to thirty seconds, the engineer will find that If he only 
chooses, he can work to minutes with this graduation quite as rapidly as with a 
transit graduated to minutes, by simply disregarding the shortest lines of the vernier. 

The second vernier, which is distant 180°, or exactly opposite the one read first, 
may also be read. Not so much to eliminate any eccentricity of the circle and ver- 
niers as to afford a valuable check upon the angle measured. 

Greater accuracy In the measurement of any angle may be obtained by the 
principle of repetition. In this case, before and after an angle has been repeated a 
number of times, all four of tlie verniers should be read, and if, for example, the 
graduations proceed from ri^ht to left, the left hand side of each double vernier 
should be read as usual ; but lu the right hand side the line now marked 20 on the 
vernier should be considered 0, and tlie arrow on the vernier 20. Then, with this 
convention, only the minutes and seconds of the second vernier should be used. 

But it should be here remarked that the repetition of angles is not now held in 
such repute by our best engineers, as It was before the present perfection of tlie art 
of graduating and centering the circles and verniers of engineering instruments. 

The engineer who has not used tlieni will find the ground-glass shades a great 
convenience in reading the vernier. Thev are so placed as not to be readily broken, 
and they shed a clear, white light upon the graduations. 

Graduations on solid silver are much to be preferred to graduations on any 
known brass alloy. The surface of the silver can be worked very plane, since it is 
of uniform texture. The graduations can be cut with the utmost uniformity in 
width ^^ "' "nd spacing. 



The Centers. 

Quite B& important 
"UtbeMnfersoftlieii 

vie and the veriuor plate 

Both asea muat be ejcacCly conoeutric with the center of the graduated circle, 
oeuter of the homOQtal axla of the telescope In aiiy poaitroii of the instru- 
... The most sensitive level about the iiistriinieut should not show any displace- 
it when the circle-plate is held, and the lower plate moved by the hand. 

Iq tUe conatruction of the hiner center, the hardest bell-niettil ehoiild be used, 
«nd for the outer center a red composition metal of the beat quulity. To inaure a 
true concentricity of the axis, and coneoquently of the limb and vernier, it is 
neeessacy that they should each be turned in a dead cenWr lathe, each about its 
own aads. In fitting the ceiitere, they should turn without the slightest play, and 
yet mth very little ftietion. 

Messrs. Buff & Bei-ger take the precaiitlon of casting tlie outer center. cL-cle, 
and vender plate in the same moidd, to avoid any differeuce in the compositiou of 
the metal. 

The npper plate should not be hammered, since this would also effect an unequal 
K)q)audou of the metals in extreme temperatui'es, causing the vernier to read too 
long or too short. 

After the plates are put together, the vernier and limb shoidd revolve in the 
same plane, to avoid pai-allax. Tlie space between the limb and vernier sliould 
bare the appearance of a uniform, fine, blaek line. 



■ tin 



The Compass. 



In running old hues, and ni^ a check in rininlnB; iv 
_, a very important part of the transit. Its needle should bo inniiHifi'd l.lironghont, 
^td of html steel, to retain its magnetism. It sliotild be thin, anil yi't at llic saino 
time have enough Burfiice to be sti'ongly magnetic. It should be swung uihiii n 
Jewelled center, and so nicely fitted that wlien ut rest, with the instnitnont hivcUcO, 
the two extreme points ehotildjust clear the graduation of the compass box, and 
read precisely 180° different in any part of the graduated arc. The pivot on which 
It Bwmgs should be conical, and hardened so that it may swing upon a sharp point, 
vdthout having this point weak. 

The needle sliould also be so sensitive, that when drawn from its pointing by 
tiie outside attraction of a piece of Iron held hi the liand a foot or so away, it will 

'tis to the same reading several times in succesaion. 

This seaeltivenesa depends upon the form and sharpness of the pivot, the strengtli 
'Its magnetism, audits bearing on the jewelled center. 

II It should be found tliat a needle has lost its sensitiveness, it is probably not 

mneh owing to its loss of magnetisni, as to a dulling of the pivot. Since this 

l^y happen when the engineer is without access to the maker, and an instrument 

-■•whe be In good condition, it sliould be remarked that the pivot can be sharp- 
after removing the needle, by taking a line oil-.stone, and while turning the 
-jineutwith one hand, grinding the pivot, nith the oil-etoue In the other; being 
iftd to incline the grinding Bumce about 25' to the pivot. The pivot Is ori^i- 

lly Uimed and sharpened in a lathe, and in grinding by hand, great ciu'e should 

takeu to preserve its conical form. 

ne two estreme points which lie nextthcgraduation, together with tlie point 



KMBpeiutou, should lie in one stndght line. 
I The Center of gravity of the needle should 



J The Center of gravity of the needle should be as fiir below this line as possible. 
I -The quivering of a needle so constructed is not onnoyiiig, since the center of its 
TOTering motion is hi the line through its two csti'emepoints, which are, therefore, 

e wliether the transit itself has aiiy Iron in it to disturb the needle. 
1 1» a good plan, after setting the Instrument so that both compass-needle and 
irnlDr reads 0", to go round the circle, setting the vernier ten degrees ahead each 
t, and noting whetlier the compass-needle also describes an arc of precisely ten 
:s not, there Is some local attraction. 



vu in Docu oirecLiuns ; (ncii uvurensi! lu u uguiii ui biie ouulu puiub. jui uruur luuk 
the needle reading may indicate the direction or the telescope, the line joiiiiue the 
zeros of the ordinary compass ring must be !n the eame vertical plutie, with the 
line of eoUhnation of the telescope; &nd the letters denoting the cardliiitl points, 
East and ^Veat, niiist be transposed ; 1 e., when the letter N is towards the North, 
the letter W should he towards the East. Of course the needle indicates inagDetlc 
north, and in the case of instruments improvlded with means of setting off the local 
vnriation of Che needle, all the readings of the needle must be corrected for this 
local deviation. 

Spirlt-Iievels. 

The sphit levels, na regards their sensitiveness, should be in strict keeping with 
the opticiU power, and the graduations of the Instrument, but the quiihty should be 
of tlie best. A level-bubble should move uiuformly over the same distance, when 
the telescope Is made to point on two objects alternately, ditfering slightly in alti- 
tude, by the leveling screws alone. In chanee of temperature the bubble should 
lengthen Bymmelricully ftom the center; and no matter what Its length, It should 
move quickly, without any of tlie hitcldng, which is caused usually by a little dirt 
introduced when it is lilled. 

Of the three levels attached to the complete transit, the telescope level Is thu 
most sensitlTe. It should be sensitive enough for ordinary leveling, such as good 
railroad work. The level in fi-ont, or at right angles to the standards, should Iw 
Hcnsitlve enough to make a line plumb by It to any height ; while the third level 
on the standard Is used In lereung up the Instrument, and to establish the zero 
point for tha vernier correctly when vertical angles must be measured. 

The test of the Htness of the various levels for the cupiiclty of the histrumeut 
should lieinthis: that after carefully bl-sectuig an otijcct in the field of view, in 
such a position of tlie instrument that all the levels can be read, and then slightly 
deraugiLig them all with the leveling screws, the bl-sectjon will be accurately made 
alter restoring the levels to the exact positioa they before occupied, by the leveling 

Leveling Screws. 

Messrs. Buff & Berger usually cut their leveling screws with 32 threads to an 
inch provide the usual four screws in opposing pairs. The plates once set llrmly 
apart by tiKhteiiiiig two of these screws on theaams sfde, the leveling of theiusUli- 
ment is easily accomplished by turning the two screws of an ojgiosing pair BO that 
both thumbs shall move toward each other (when the bubble will go toward the 
r^ht), or both thumbs away from each other, when the bubble will move toward 
the left. Instrnraentslntendedfortriangulation, i.e., reading to 10" or less, should 
however be supported on three. Instead of upon fpur screws. In this case the in- 
strument is rapidly leveled by bringing one level parallel to two of the screws, the 
other level will now be at right angles to It, Level both levels at the same time 
by turning one of the screws to which the first level is parallel and the screw 
which is at right angles to this level. Of course the Instrument may now be 
reversed to guard agninst iion-udJu£tment of the levels. 

Three Leveling Screws versns Four. 

Tothestudent of the progress InEngineers' field Instruments, the question ofteL 
presents itself as to the comparative merits of an instrument provided with threft,] 
over one having four leveling screws. It shouldbe here remarked that the - - - — 
portability existing in inatruments provided with fom' leveling screws sti 
mends itself to all using the more customary class of instruments. However, thi 
finest class of field instruments, requiring spirit-levels corresponding to the flnf 
uess of graduation, uannot lie advantageously manipulated vrith lour levEdli 
screws. The results thus obtained would be little better than those obtained w! 
'e ordinary instrument. To insure the full benefit of a finer instrument, sacl 

mounted o 

four leveling screws have the advantage of greater compactness and less w^Khtj 

three screws have the advantage for closer aettinc, givtno; better results. 

maker will therefore adapt either the one oi' the other kiua to his instri 

Cbe aaae may requlrr 



Quick Leveling Attachment. 



. As all devices of this kind deiroct u 



.s from the stability of an instru* 



(offeesioB at large. There a 
KBtanataiDOna conutry, or in nndergronndworkof a cloaecharaoter, becomes very 
^peelrable. Messrs. Buff A Berger's deviue. uiilike devices of a similiir kind funning 
Apart of tbe liiEEriiment proper, consists of a coupling with a ball and socket joint 
wMcb «fta be screwed between tbe instrument and tripod. As this intermediate 
piece (brDJB no part of tbe instrnment itself it can be readily att4icbed or detached 
It will, thus adapting the instrument to the circumstances and to theciBsaof work 
' 1 liaod. For this purpose tlie tlireada of this coupling or quick-leveling attaoh- 
~»it,and those of the instrument and tripod Hre identical ; and as aU their transits 
d levels with four leveling screws are interchangeable on any of their tripods, 
a Buoh coupling is sufficient for an en^necr'e outfit. In fact one extra tripod 
maaently provided with this quick-leveling attachment may be kept ready for 
asional use In an office where there are a number of their instrnments. 
To use this quick-leveling attaciiment proceed as follows: — Screw it to the 
Instrnment, and then screw both to the tripod in tbe usual manner, taking care 
that the coupling becomes fiimly fastened thereto. Now to operate it. sightly 
nnsorew tlie instrument from its hold upon the flange of the coupling by means of 
the milled edges provided for this purpose, and move It approximately inio a level 
plane, then again screw the instrnment firmly to the coupling same as before, 
TbiS being accomplished, move the instrument over the given point on tlie ground 
by means of the centering arrangement described later on, and level up carefully 
by the leveling screws alone. It will be seen that tliis quick-leveling attachment 
is operated entirely independent of tlie leveling screws or oenteiing arrangement. 
Of course, when this device is to be used for sevenil days in auccession, it Is not 
necessary to detach it from tlie tripod every time the instrnuient is to be removed. 
In such cases the instrument only should De detached from the coupling. When- 
ever it becomes desirable to detach tlie coupling from the tripod, it can best be 
performed by allowing the instrument to remain mtened to the coupling, then by 
taking bold of the milled edge of the coupling unscrew in the usual manner. In 
cases where the coupling has been permanently attached to a tripod, the small 
■crews connecting it to the tripod head must first be removed. 

To Bcctire the greatest possible stability to the instrument, the outside diameter 

of the hollow hemisphere is equal to the distance between the leveling screws of 

the instrument; and to secure a smooth and ready action, leather washers are 

p rovided in the socket which act against tlie hemisphere. However, when the 

^^rasbrument is clamped to the tlange of the coupling these washers recede, and the 

^HttBtel surfaces are brought into direct contact with each other. 

^r The Oradlenter Screw. 

This very convenient attachment consists simply i]i a screw working against 
the clamping Brm suspended from the horizontal axis, and on the opposite side 
rtom the vertical arc. A strong spiral sprhig is set directly opposite the screw. 
and presses the clamp anu against the end of it. This screw is cut with great care 
Ink lathe. Ithnsa large sUvered bead graduated into fifty equal parts. As tlic 
screw la turned, the head passes over a smaU silvered scale, so graduated that one 
revolution of the screw corresponds to one space of the scale. 

Obviously then, the number of whole revolutions made by tbe screw, In turning 
the telescope through a vertical arc, can be ascertained fl:om this scale. The clamp 
arm of the telescope has its clamping screw just above the horizontal axis, in tlie 
usual mjinner. When this serewisireo, the telescope may be revolved; but when 
it Is clamped, the telescope can only be moved by the graiUeuter screw, which thus 
takes the place of the ordinary veilical tangent screw. The screw is cut with such 



a value of a singlu rGToliitioii. as to cause the faorizoiital croHs-liuc i>( th<> ti^lescope 
to move over a space ot^ of a foot, placed at & distance of 100 feet, when tiis 
screw fa turned through one of tlie ewalli^st spaces on its gradunteil head-, snd 
since there are fifty such spaces ou the Lead, it follows that one revolution of tUe 
screw la equivalent to ^ot afoot, atadlstanceof lUOfcet. The numbered gradua- 
tions on the BcrewheadarethDU each equivalent to j^of afbot inlOOfeet; and two 
entire revolutions of tho screw would be twice ^i or 1 foot to the 100. It Is readily 
se^n that grades can boestabliabed with great rapidity with llils screw. It la only 
necessaiy alter setting the griidienter screw to zero, and Ifvelltiif and clamping tlie 
telescope, to move It up or down as many spaces pf the head of the gradieiiter acrew 
as there are bundredlhs of feet to tlie hundred, in. tlie grade to be estahlisbed. 
Thus, to establlah a grade of 1" 85, the screw head is turned through three whole 
spaceaof the scale, wnlchcorresponde to 1." 50, and throughthree of the numbered 
divisionB, and five of tlie sliortBst ones to make up the eutwe reading of 1." 85. 

For mcaeurtug distances this scrnw takes the place of stadia lines, and is more 
convenient; sincefor any approximately horizontal distance, the space on an ordi- 
nary leveling rod expressed In hundredths of fc«t, included in two revolutions ot 
the screw, will be the number of feet the level rod is distant fi-om the center of the 
Inetrument. Thus the difference between two readings of the level rod was 2^. 96i 
when the telescope was moved in altitude through two revolutions of the screw. 
The rod therefore was distant 296.5 feet. 

It ia unnecessary even that & leveling rod he used. A ranging pole or walking 
stick, or any arbitrary length which can afterwards bo me.tsured, will sufllce. Thus 
a stick, which was afterwards measured aiidfound to bea^.SSlong, was found to 
be subtended by 31 revolutions oi the screw at an unknown distance. 

In this ease the distance was — 

4-^X100=213.9 feet. 



Incline the rod towards the telescope, and bytnal find the least Bpacesubtflndt 
two stadia lines, A skilful rod-ioan will plntub a rod more readily than ha can 
iticllne It at the proper augto, aud a rending of the plumb rod can be taken with 
greater accuracy, and in £ss time than with the Ini'Dned rod; but It ordliuiilh' 
involves some additional coniputhig to reduce such vertical readings to horizontal 
distances. With the view of ri'ducnig the computation to a simple multiplieation, 
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In the above figure, 

TH=the transit horizontal sight line. 
The angle irrB = the angle of elevation of the telescope to the foot of the rod 

" " BTA=the angle subtended by any number of revolutions of tlic 

gradienter screw = G. 
AB = the length of the rod Included by the angle G, when tly3 rod 
is vertical = R. 
CB is drawn perpendicular to TB. 

Then, CBA = BTH=E TAH=90O— (E + G) 

BC_ ,,. A^^°-^ + ^V cosEcosG-sinEsinG. 
AB — sin(90°H-G) — '■ cosG: 

.-. BC=R (cos E— tan G sin EO 

' nh 
tan G=— where h is the height above a liorizontal line, subtended by 

one revolution of the gradienter screw at a distance a, 
n is the number of revolutions made in any given case. 

BT=4bC = B^(cosE — — sinE) 
nh nh ^ a ^ 



aand 



.•.BT=R r~cosE — sinE^ I. 



HT=BTcosE 



.•.HT=R r^cos*E— >^ sm2E^ II. 



Formulas I and II are general formulas for any gradienter screw. In Buif & 
Berger's transits the screw is cut and placed so that when a = 100, for « = 2 and 
/i = ^ , by substitution these formulas become, 

BT = R (lOOcosE — sinE.) 

HT = R (100 cos 'E — J4 sin 2 E.) 

Where BT = the direct distance from the center of the horizontal axis of the 

transit to the foot of the vertical rod. 
HT = the horizontal distance from the center of the horizontal axis of the 
transit to the plumb line dropped from the foot of the vertical rod. 
R = the space included on the vertical rod by two revolutions of the 

gradienter screw. 
E = the elevation of the foot of the rod above the horizontal sight line 
of the telescope. 

When the angle £S becomes an angle of depression instead of elevation, then the 
pomt B is the upper end of the part of the rod used, A B. The distance B T in 
this case is the direct distance between the center of the horizontal axis of the tele- 
scope and the upper reading of the vertical rod in the valley. 

The distance HTis, as before, the horizontal distance between the center of 
the horizontal axis of the telescope, and the plumb line prolonged in this case 
upwards from the upper end of the vertical rod. The plumb line In all cases coin- 
cides with the direction of the rod. 

By means of the following table, it is only necessary to multiply the factor 
opposite the angle of elevation, by the space included upon a vertical rod by two 
gradienter screw revolutions, to obtain either the direct or horizontal distance of 
the center of the horizontal axis of the telescope from the foot of the rod ; or the 
same distance from the upper reading of the vertical rod in the case of an angle of 
depression. 



€ta:«dienter Screw Table I. 



Factors to be multiplied by the spaca on the vertical rod expressed in feet and decimals, 
included in two revolutions of the gradienter screw, to find the distance of the foot 
of the rod from the center of the liorizontal axis of the transit telescope. 



Angkof 

'e!"°" 


FKtot (or Uie 
DirKl DauncT 
(imcoiE-sinK) 


<"s;ir» 


Anglfof 




F.c.orforA» 
»n 1 E) 


O 


,00.00 


100.00 


■5 


96.33 


93-05 


' 


99.96 


99-94 


■5 3" 


96.09 


9'-59 


' 


99.90 


99.84 


16 


95-85 


92.14 


3 


99.S1 


99,67 


16 30 


95.60 


91.66 


4 


99.69 


99-45 


"7 


95-34 


91.17 


5 


99-53 


99-'S 


■7 30 


95-07 


90.66 


6 


99-34 


9S.S0 


1.S 


94.80 


90,17 


7 


99-'3 


9S-39 


18 30 


94-5" 


89,63 


S 


9S.S9 


97-93 


■9 


94,2a 


%09 


9 


9S.61 


974' 


19 30 


93-93 


88,54 


lo 


98-3' 


9.6.S1 


20 


93-63 


87,98 


lo 30 


98.15 


96.5, 


30 30 


93-3» 


87-41 


■I 


97-97 


96.17 


21 


93.00 


86,83 


II 30 


97-79 


95-Sa 


2, 30 


92,67 


86,22 


IJ 


97.60 


95-47 


!" 


9»-34 


85,6a 


I a 30 


97.41 


95-" 


32 30 


92,01 


85,0. 


■3 


97-" 


94-73 


33 


91,66 


S4-37 


13 30 


97.01 


94-33 


23 30 


9"-3' 


S3-75 


H 


96.79 


93-9' 


24 


90.94 


83,08 


'4 30 


96.56 


93-4S 


24 30 


90.59 


8243 


•5 


96-33 


93-05 


25 00 


90.31 


81,76 
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In practically applying this table, it is preferable to take the mean of several 
readings of the rod in each position of the gradienter screw.* 

Thus, with the target near the foot of the rod, and then moved to correspond to 
two revolutions of the gradienter screw, three readings in each position were as 
follows : 

I. n. 

Altitude 18° 2(r 

ft. It. 

0.625 8.380 

0.627 3.376 

0.625 3.378 



Means, . . . 0.626 3.378 

0.626 



Difference, 2.752 

Factor for direct distance for 18° = 94.80 For Horizontal Distance = 90.17 

" '' 18°30'=94.51 '' <-' *• =89.63 



Differences, . . . =0.29 0.54 

Therefore, the factor for 18° 20" will be for the direct distance 94.80,-^3 of 0.29 
= 94.61, and for the horizontal distance, 90.17— 5/3 of 0.54=89.81. 

Then we have, 2.752 x 94.61 = 260.37 = the direct distance. 

2.752 X 89.81 = 247.15 = the horizontal distance. 

This direct distance being the distance from the position of the foot of the rod 
or the lower target to the center of the horizontal axis of the telescope,t and the 
horizontal distance, the one usually desired, that distance reduced to a level line. 

The mean value of two revolutions of the Gradienter Screw in arc, is 34' 23^^. 
Hence the value in arc of one of its smallest divisions on the head is 20'' nearly. 
Vertical angles therefore may be laid off with facility when they are confined to 
the range of the screw. 

*To insure at all times accurate results, the telescope aids should revolve free, but without any looseness in 
the bearings. The engineer should examine these bearings from time to time, and, if necessary, fresh and pure 
watch oil must be applied. 

To make a measurement with a micrometer screw, its graduated head should be set back slightly, then bring 
it up to the readings in the same direction in which the measurement must be e£Fected. 

t Should the engineer desire the direct distance between the foot of the rod, and the point over which tht 
^lumb-bob is sutpendedt it may be found by the following formula. 

« = V ^2 -f^ 4- zpdstn E, 

or putting it in a shape adapted for logarithmic computation, 

Where ;r =the distance from the point under the plumb-bob to the foot of the vertical rod. 
d= the direct distance obtained as above. 

P = the distance from the center of the horizontal axis is to the point under the pliunb4)0b. 
iFc=the angle of elevation of the foot of the rod, as above. 



26 

♦ The subjoined table aflfords a ready means of expressing any number of revolu- 
tions, and paits of a revolution, in arc ; and the converse, of degrees, minutes and 
seconds, in revolutions of the screw : 

Gradienter Screw Table II. 



To convert a reac 


ling of the Screw 




To convert Arc into a reac 
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the Screw. 
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9 00 
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Thus, the telescope being leveled, the gradienter screw was turned through a 
space of 11*^ 23**^* required the arc : 

11 revolutions, = 3° 9' 10" 

20 divisions, =0 6 50 

3 *^ =0 10 



The whole arc, ... =3° 17' 00" 
Conversely, it was desired to turn off a vertical angle of 4° 35' 40^^. 
Then we have — 



40 Q/ Q/r_13«T. 


48^'-.0 


30 — 1 


37 .0 


5 = 


15 .0 


40 — 


2 .0 



The space on the head of the screw = IG'"- 2*"- .0 

The engineer will bear in mind that the examples given are purposely given in 
detail : that in practice the operations may be mental ones. 

It will be seen that the vertical gradienter can be used for a variety of purposes ; 
measuring distances, grades, differences of levels, vertical angles, and is a useful 
check agSnst errors of rod or cliain measurement. 

Messrs. Buff & Berger have also applied the same principle to their horizontal 
tangent screws. By graduating a silver head attached to these screws sub-divisions 
of one minute of arc are readily made. 

For constant use with these screws it is better to have a rod with two movable 
targets, or a rod painted with white and black squares as used in the coast survey. 



Stadia Lines, 

The gradienter screw is so universal in its application and can be so readily used 
for angular, distance or grade measures, that it will generally be found best to have 
It upon transits designeu for current work. There are some cases however where 
stadia lines are more expeditious in use than the gradienter screw, and give quite 
as exact results. 

Stadia lines, for instance, where an instrument is to be used for distance measiu'es 
alone, commend tliemselves for their greater simplicity. For such work, non-adjust- 
able lines, in connection with an inverting eye-piece, give the best results. If the 
lines are adjustable, in the lield usage of an instrument they may alter their distance 
apart ; and tiiere is a rapidity of work with fixed lines, and a rod graduated for 
teleinetrical work, which is not reached in any other way. 

These lines may be webs, or platinum, or they may be ruled on glass. The 
latter are extremely accurate, but the glass on which the lines are ruled intercepts 
a small amount of light and any dust clinging to the glass somewhat impairs the 
appearance of the field of view. 

Plumbing and Centering Arrangements. 

It now remahis to speak of several conveniences of the instrument under con- 
sideration. By a simple mechanical contrivance the plumb-bob when suspended 
Arom the instrument can be set hnmediately at any desired height. It is suspended 
directly from the center of the instrument, and not from the tripod head. This 
precaution should be taken with every instrument, since otherwise, when there is 
difficulty in setting up an instrument, and the legs are unsymmetrically placed, the 
plumb-line will not pass through the center of the instnunent. 

The instrument is provided with the shifting tripod, better known as the shifting 
center, by means of which, when the plumb-bob of the instrument is witliin a fraction 
of an inch over a point on the ground, it may be brought immediately over it, by 
mOYing the body of tlie instrument on its lower level plate. This is probably tlie 
greatest time-saving aiTangement which modern makers have introduced in engiu- 
eeirs* transits. 
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Arrangement for Offsetting at Bight Angles. 

The most common oflP-set with the transit is one at 90° to the line of sight. 
Several methods have been proposed for doing this without disturbing the telescope. 
Messrs. Buff & Berger have a very neat one; it consists in simply perforating the 
horizontal axis, so tnat by drawing the head back fifteen or twenty inches from one 
end of the axis, the eye may be placed so that the eye, the horizontal axis of the 
telescope, and a rod set beyond, may be readily placed in the same straight line, 
at right angles to the line of sight of the telescope, no matter at what altitude 
the telescope may be pointing. 

In off-setting Dv the arrangement proposed above, the rod is made plumb by 
lining it with the plumb-line ofthe instrument itself. The advantage of this method 
is, that it holds equally well for any inclination of the telescope. The disadvantage 
is, that the engineer is obliged to leave the eye-end of the telescope at each offnset 
made. Where the engineer is willing to bring his telescope nearly level before 
each off-set is made, Messrs. Buff & Berger will adapt a simple combination of two 
prisms to the telescope, by which the rod may be made plumb, and set at an anide 
of 90° to the line of sight. ^^ 



Setting Up. 

In setting up a transit, push the iron shoe of one 1^ firmly into the ground, by 
pressing on the other two legs near the tripod head. Having secured a firm found- 
ation for this leg, separate the other two legs, at the same time drawing the tripod 
head toward you. Then set the two remaining legs in the same manner as the first 
one. If the ground is pretty level, merely noticing that the tripod feet are equi- 
distant, will insure that no unsightly appearance will be given to the leveling screws* 
If the ground is uneven, however, nothing but practice can produce a graceful 
position of the instrument. The plumb-bob attached to the instrument should 
swing within say half an inch of the point on the ground, and the plate on which the 
levelmg screws rest, if possible, should be approximately horizontal, when this 
stage is completed. 

Now with the level screws not tightened up, after leveling approximately, 
bring the plumb-bob exactly over the point on the ground, by moving the body of 
the instrument on its shifting head. Then complete the leveling of the instrument, 
and it is ready for work. 

The Adjustments of the Transit. 

In a theoretically perfect transit instrument, the following points are established : 

1. The object and eye-glasses are perpendicular to the optical axis of the 
telescope at all distances apart. 

2. The line of coUimation coincides with the optical axis. 

3. The line of coUimation is parallel to the telescope level. 

4. The line of coUimation passes through, and is perpendicular to the horizontal 
axis of revolution. 

5. The vertical circle is perpendicular to the horizontal axis. 

6. The center of its graduated arc Ues in the horizontal axis. 

7. The arc reads zero when the Une of coUimation is perpendicular to the ver- 
tical axis ofthe upper plate. 

8. The pivots ofthe horizontal axis ofthe telescope are circles. 

9. The bearings for these pivots are of the same diameter or otherwise exactly 

similar. 

10. The line of coUimation moves in a plane perpendicularly above the center of 

the horizontal graduated circle. 

11. The horSsontal axis is perpendicular to the axis ofthe upper plate. 

12. The upper plate is perpendicular to its axis. 

13. The radial fines which form the graduations of the circle and verniers are 
equi-distant at the same distance from the axis of the upper plate, and pass through 
this axis. 




_ npperplate: . . 

16. The Terdcal axis oftlie Upper iilute coincides with the a: 
IB. The lower plate Is perpeudicular to its ftJds. 

17. TlieBenterof the vernier plate lies ia the axis of the lower plate, 

18. The ails oftlie pliiinb-boo coincides with the vertical axis of the Instniment. 
i Oftheaboyepoiuts themaker atlendB tonumbersl, 2, 4,5, 6, 8, 9, 11,12,13, 15, 
■^1 17, IS, ae a part of the Bkillful manufacture of theinstrumeut; and the engineer 
■4iu no &cll!tiee for adjusting them, away from the shop. Points numbered 3, T, 10 
r'and 14 nro attended to by the maker when the instrument leaves the shop ; but owing 

to their liability to derangement, fWim accidental rough usage, the maker leaves ft 
lu the liands of the engineer to restore them at any time. It la to these adjustmenta 
only that the foUovring remarks are confined. 

Adjusting^. 

If the Instrument Is out of adjustment generally, the engineer will And it profit- 
able to follow the makers in not completing each single adjustment at once, but 
rather bring the whole instrument to a nice at^ustment by repeating the whole 

Alter setting up, bring the two small levels each parallel to a line joining two 
of the opposing leveling screws. Bring bothbubbles to the center of the level tubes, 
by means of the leveling screws. In aoingtbis, place the two thumbs on the inner 
edges of the two leveling screws, pBrallelto the bubbles, and the fore lingers of 
each hand on the outer euge. Turn lite leveling screws so that both thumbs move 
inwards or both outwards. In the former case the bubble will move toward the 
r^ht, lu the latter ease toward the left. 

2fowtm-n the instrument 180° In azimuth. If the Bmall levels atlU have their 
bubbles in the center of their tubes, these levels are adjusted, and the circles are 
respectively as nearly horizontal and vertical as the maker hitended them to be. 

If the bubbles, however, are not in the center of their tubes, then briug them 
half way back by means of the leveling screws, and the remaining half by means 
ot the ai^usting screw at tbe end of each of the level tubes. 

It may be necessary to repeat this adjustment several times, but when made, the 
bifltrament once leveled will have its small levels in the center of their tubes through 
aa entire rotation of the circle. 

Tliereis one adjustment common to all telescopes used in surveying instruments. 
that of bringing the cross bobs to a sharp focus, at the same time with the object 
under examination, tbeadjustmeiiC/or Parallax. 

Point the telescope to the sky, aud turn the eye-piec« until the cross hairs are 
£barp and distinct. Since the eye itself may have slightly accommodated itself to 
to the eye^neoe, test the adjustment by looking with the unaided eye at some dis- 
tant pomt, and wliile stUl looking, bring the eye-piece of the telescope before the 
eye. If the cross hairs are sharp at the/rst gtance, the adjustment is made. Nov? 
fooos la the usual manner upon koj obiect, bringing the cross hairs and Image to a 
sharp focus by the rack-work alone. A point should remain bi-sected when Uie eye 
le moved ftom one side of the eye-piece to the other. 

To make thevertical cross-line perpendicular to the plane of the horizontal axis, 
dn^ly bl-sect some point hi the center of the field of view of the telescope, and 
note whether it continues bi-aected by this cross-line throughout its entire length 
irtien the telescope is moved in altitude. If it does not, andthe point ia to the right 
of tbe line In the upper part of the field, tlie adjustment Is made by loosening the 
jbur capstajtJieadcd screws, and rotuting the reticule in the direcdou of a left-tmnded 
aorew, until the cross-line is moved over half the distance between the point and 
the line. Again, bi-sect the point by means of one of the tangent screws. It should 
now remain oi-secCed throughout the length of the cross-line. 

The following method of adjusting particularly the horizontal line has its 
advBntagee,andit isglvenin thewordsofitapi'opounder, Mr.Gravatt. 

"On a tolerably level pipce of ground, drive In three stakes at Intervals of about 
four or five chains, calling the first BtHke a, the EecoLid band the thirde. Place the 
Instrument half way between the stakes a and h and read the staff (leveling rod) 
A, placed on the stake a, and also the staff B, placed on the stake b ; call the two 
" " igs A and B ; then, although the inatrumcu t be out of adjustment, yet the points 
Swill be equidistant A:oni tbe earth's center, and consequently level. (Sup- 
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posing the instrument to have its vertical axis vertical.) Now remove the instru- 
ment to a point half way between b and c. Again read oflF the staff B, and read 
also a staft* placed on the stake C, which call staff C (the one before caHed A, beinff 
removed to that situation). Now by adding the difference of the readings on S 
(with its proper sign) to the reading on C, we get three points say a^ B', C, 
equidistant from the earth's center, or truly level. Place the instrument at any 
short distance, say half a chain beyond it, and using the bubble to merely to see 
that you do not disturb the instrument, read all three staffs, call these three readings 
A''^, B", C. Now, if the stake b be half way between a and c, then ought 

C"— C— (A"— A) = 2 [B"--B'— (A"— A')] 

but if not, alter the screws which adjust the diaphragm, and consequently the 
horizontal line, until such be the case, and then the instrument will be adjusted for 
colhmation." 

It is the vertical wire, however, which in the transit is the most important. When 
that is to be alone adjusted in the field, it is usually done according to the following 
simple directions : Select two distant points in opposite directions from the instru- 
ment, such that the vertical cross-line will bi-sect them both when the telescope 
is pointed upon one, and then the telescope is reversed around its horizontal sods. 
After bi-secting the second point selected, revolve the instrument 180® in azimuth, 
and bi-sect the first point again by means of the tangent screw. Keverse the tele- 
scope around its horizontal axis again, and if the second point is now bi-sected the 
adjustment for coUimation of the vertical wire is correct. If it is not bi-sected, 
move the vertical wire one-fourth of the distance between its present position and 
the point previously bi-sected. Again bi-sect the first point selected, reverse the 
telescope and find a new point precisely in the new line of sight of the telescope ; 
these two points will now remain bi-sected when the instrument is pointed upon 
them in the manner described above, if the adjustment is correctly made. If the 
two points are not now both bi-sected, tlie adjustment must be repeated until this 
is the case. « 

Perhaps the most elegant method of adjusting for coUimation, and one which 
recommends itself because it is best performed by lamp-light, is the following t set 
up the transit and level with their object glasses towards each other, and they need 
not be but a few inches apart. Cover the eye-piece of the level with a piece of 
white paper, and illuminate this paper with a lamp. By a slight motion of the two 
telescopes, and use of the transit focussing screw, the cross-lines of the level will 
be seen sharply defined against the white background of the illuminated paper over 
the eye-piece. Bring the transit cross-lines so that their intersection is precisely 
over the intersection of the cross-lines in the level, which had better be turned in 
its wyes so that its cross-lines make an X with the horizon. If now either instru- 
ment is not coUimated when the focus of the level is altered by its focussing screw, 
half an inch or more, and the transit is again sharply focussed on its cross-lines, 
the intersection of the transit cross-lines will no longer exactly cover the intersection 
of the level cross-lines. If the level has been carefully acflusted by the methods 
given further on, then the displacement is wholly due to error of columation in the 
transit. This must be corrected by the adjusting screws. When the adjustment is 
made, the two sets of cross-lines should coincicle throughout the entire focussing 
motion of both telescopes. It must be borne in mind, however, that this method 
is only applicable to instruments like Buff & Berger's, in which the method of con- 
struction precludes the idea of sensible change in the telescope axis, when the 
focussing screw is turned from one end of its rack-work to the other. 

It should be remarked here that whenever the engineer has a level and transit 
with him at the same time, it is a ^eat convenience to use either one for adjusting 
the other. It requires a little patience at the outset to point one into the other, so 
that the cross-luies in both instruments may be black and sharp against a dead 
white background ; but once accustomed to using these methods, the cross-lines 
are so sharp, and their motions so easily controlled by the screws of the instru- 
ments, the engineer usually prefers them. 

To detenmne whether the standards are of the same height, suspend a plumb-bob 
by means of a long cord from a height say of from thirty to forty feet. The plmnb- 
bob may swing in a bucket of water to keep it steady. Level the instrument careftdly , 
and pomt upon the plumb-line at its base. If the plumb-Une remains bl-flected 
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UtrougbouC itB eiitii'C length when the telescope is moved In altitude, and then the 
telescope reversed aii<I a,giiiamade to bi-sect the line throughout its length flromits 
base upward, the adjusttaent is correct. Otherwise make the adjustment hy means 
of the oApstan-heoded screw directly under one of the telescope wyes, looscnhigor- 
tightening the small screws ^ the pivot-cap at the same time. 

"To Attjugt the telescope level in the fid I s t up the t a e't i the ilddle of a 
tolerably level piece of ground, and c. fl lly le el A q a stanc s i 
opposite directions fram the tnuisit. drive two B ak gs of a v 

rod hold sucoessii'ely on eauh of them will be 
bubble is brought to Chi; kchIit of its tube by 
< oaae. and the instruiiieiiC is turned in azimuth 
it over one of the Btakes; measore the ve h 

horizontaJ axis of the tulescope to the top o he 

is Bet. Set the target of the rod to read this d Stai 11 d d dis ant 

Stake, and bi-seet the target with the horizontal cross-line. With the target thus 
bl-seotedt turn the cylinurical nuts at the object-glass end of the level, till the 
bubble plays in the middle of its tube. Test the 8t\justment by re-sctting half way 
beLwccii the two stakes, ajid noting that the bubble remahis m tlie sume position, 
:inil lilt.- rod gives the some readingwhen the instrument is turned in azimuth alone 
uIkpil tin; two stakes. Sometimes it Is convenient to use a sheet of water for the 
s^tiuu i)iu-pose. Two stakes are driven into the water bed at different distances from 
tlie transit, until their tops are^ves with the surface of the water. The transit is 
Icvcleil lip near one of them, and its telescope altered in altitude until a rod held on 
each euccesslvcly gives the same readljig. Then with the tclescopQ clamped In this 
position, the si^"Btiiig uuts are altered as betV>i'e imtil the bubble plays ia the 
middle of its tube. 

Tlds a^uBtment also permits of being made by au auxiliary level in tlie office. 
Set up the transit and a level, na described in the adjustment for collimation, and 
after Doth Instniments arc in colliniation ; take the precaution to set up the instnt- 
menta so tliatwhenthe tolcsi;op(;s an; approximatelylevel they will point into each 
other, and the cross-lines may be made to coincide by means of the leveling screws 
of the transit instrument, after the level has been carefully leveled. Now make the 
transit bi-sect the intersection of the level cross-lines, and bring the bubble of the 
telescope level into the middle of its tube by meons of the capstan-headed screws ■ 
it is Obvious the telescope and level axis are both truly level. 

It now remains to adjust the vernier of tlie vertical aro to read zero when the 
telescope Is level, to complete the adjustments of the transit. Bring the telescope 
level bubble hi tlio middle of its tube, and with the bubble in this positioji, set the 
zero of the vernier to coincide with the zero of the vertical arc; loosening the 
capstan^hcad screws, which secure the vernier to the standard in so doing. 

In reading this vernier proceed to the right or left on the upper line of figures 
ill the direction of the graduation used, and if the coincident lino of the vernier is 
beyond the 16' line, continue on the lower line of llguroaon tlie otlierlmlf of the 
vernier, so that the whole griuluation from 0' to ^ lies In the same direction. 
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The Wye Level. 

[ The description of tlic telcseope of the ongineci-'s transit applies with the fol- 
~Vfng JDOdilicatlous to tlie telescope of this level. 
It DM B dear aperture of 1^ Inches focus, and is 17 or IS inches long over all, 
A MiU^hode excluded. 

•^nttt bell-iuetal collars which rest In the wyca are about 10 J^ inches apart and 
(Jnelies In diameter, 

~ 1 account of the extreme length of the telescope tube. Ibur capstan-headed 
-B are provided for centering the eye-piece. 

iQ ol^t-glass focuashig screw is in the middle of the tube, 'nie cyc-ptecc is 
wd by turning amilled ring atthe eye^nd. Tlie level attached to the tele- 
Is itoout 8 inches long, ■with about B'^ Inches exposed, over which is placed 
itol Bcale for reading the position of its bubble. Hie level-tube Is suspended 
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from the telescope-tube in guch a manner that at the object-glass end it can be moved 
In azimuth, with reference to the telescope axis, and at the eye-piece end it can be 
moved in altitude with reference to the same axis. 

Its graduated scale has its graduations set carefully opposite each other on ito 
two siues, and they are numbered from 5 to to 5 at each end of the babble. 

Since it is not necessary to construct a level which efhall have absolutely the 
same value in arc for the same motion of its bubble throughout its length for 
engineering puri>oses, the graduated scale is so set tliat the s^ght deviations from 
the arc of a circle may be equally distributed on each side of the zero of the scide. 
The babble tube is ground cylindrical. 

The level-bar is about 12 inches long over all, and at its two extremities sap- 
ports the two wyes which rise about S^ inches from its upper sur&ce. One of 
these wyes is adjustable in altitude. The level-bar is attached to a long conical 
center of the hardest bell-metal, which may be clamped to the upper level plate, and 
then a slow motion In azimuth may be given to the telescope, by a slow motion 
screw which presses the clamping bar against a stiff spiral spring. With the son- 
shade on the telescope, the weight is equaly distributed from the center, each way. 
This Is necessaiy, since a sensitive level, in the nicest work, is affected by any 
nnequal strain, though it may seem to be, practically, imperceptible. 

The base, on whi(;h the leveling screws rest, has as great a diameter as porta- 
bility will permit; and the leveling screws are cut \iitha line thread. These two 
points add to the case with which the instruine«it ij^ay bo accurately leveled. 

A stop is so arranged that the telescope may be readily set with its horizontal 
cross-Une level, when the instrument is in adjustment. 

The instrument com])Iete is not separable when put into its box. 'Messrs. Buff 
& Berger believe this condition to be necessary to protect one of the essential ad- 
justments of the level — the adjustment of the wyes — from needless derangement 

This instrument is sometimes made by Messrs. Buff & Berger in a mfferent 
form. One of the wyes is movable in a vertical line by a milled-head screw. This 
enables pointing to be made with great(T accuracy and facility. 



The AtUiistments. 

In a theoretically perfect level the following points are established : 

1. The object and eye-glasses are perpendicular to the optical axis at all distances 
apart. 

2. The optical axis coincides with the axis of rotation in the wyes. 

3. The axis of colUmatlon cohicides with the optical axis. 

4. The axis of collimation is parallel to the telescope level. 

5. The collars resting in the wyes are circles of the same diameter and concen- 
tric with the line of collimation of the telescope. 

6. The wyes are exactly similar, and similarly placed with reference to the line 
of collimation of the teles<!Ope. 

7. The level bubble moves over equal spaces for equal displacements of the 
telescope in altitude. 

8. The level bubble expands or contracts equally from the center in both 
directions, during changes of temperature. 

9. The vertical axis of revolution is perpendicular to the line of collimation of 
the telescope. 

Of the above, the maker establishes points numbered 1, 2, 5, 7 and 8. The 
remaining points, 3, 4 and 9, are established when the instrument leaves the shop, 
but being hable to derangement from rough usage, they are made adjustable in the 
field. 



Adjusting:. 



After the engiiieer has set up the instrument and adjusted the eyepiece for 

garallax, as described under the engineer's transit, the horizontal cross^ine had 
etter be made to lie in the plane of the azimuthal rotation of the instrument* This 
may be accomplished by rotating the reticule, after loosening the capstanr'headed 
screws, until a point remahis bi-sected throughout the length of the line when the 



teiescnpo la moved iii azlmiitli. In making this acljiistinent, the level tabe Is to be 
kept direclly beiiPatU tlie teleacoiie-tube. Whea made, the small set screw 
attaiihed to ono of the ■wyes may be set ho that by aimply bringing the projecting 
plu ttoxa t)u! telt;s(!opc against it, the croBS-llnes will be respectively parallel and 
perpendicular to the motion of tlie telescope in azimuth. 

The first coUhnatlng of the iiistniraetit may be made using an edge of some 
building, or any profile which is vertical. Make the vertical crosa-line tangent 
to any such profile, and then turn the telescope half-way round iu its wyes. If the 
vertical crosa-line Is etUl tangent to the edge selected, the vertical cross-Ilue is 
OolUmated. 

Select some horizontal Uue, and cauae the horizontal cros&^llne to be brought 
tangent to It. A^aia rotate the telescope half way round in its wyes, and if the 
horizontal croas-lme ia still tangent to the edge selected, the hoiizoutal cross-liue 
la coUimated. 

Having at^usted the two wires separately In this manner, selpct some well defined 
point which the crosH-liiies are made to bi-aect. Nowiotatethetelescope halfway 
round in its wyes. If the point Is still bi-sected, the telescope ia colllmated. A 
Veiyexcellentmarktooee 1b thalntersection of thecroBS-lines of ati'ansit instrument. 

Center the eye-ideee by the four capstan-headed Bcrewa nearest the eye end. 
This is done by moving the opposite screws in the same direction until a distaitt 
object under olsservation is witliout the appearance of a rise or fall throuchout an 
entire rotation of the telescope in its wyes. The telescopo is now adjusted- 
Next, briny the level bar over two of the leveling screws, focus the telescope 
Spon some object about 300 feet distant, and put on the suiirsbade. These precau- 
ons are necessary to a nice aiiustment of the level tube. Throw open the two 
arms which-hold the teleseopa down in Its wyes, and carefully level the Instrument 
over the two level screwa parallel to the telescope. Lift the telescope out of Its 
wyes, turn it end ftr end and carcftiUy replace It. If the level tube ia adjusted, the 
level will hidicate the same reading as before. If It does not, correct balftJie 
deviation by the two leveling screws and the remainder by moving the level tube 
vertically by means of the two cylinder nuts which secure the level tube to the 
telescope tube at its eye-piece end. Loosen the uppcT nut with an adjuBting pin, 
and then raise or lower the lower nut a^ the ease requires, and finally clamp that 
endof thelevel tube by bringing home the upper nut. This adjustment may require 
several repetitions before It is perfect. 

The level la now to be atyustedso that Its axis mnybe parnllelto the axis of the 
telescope. liotate the telescope about 20° in its wj-r?, anj note whether the level 
bubble has the same reading aa when tlie bubble was under the telescope. If It 
lias, tbia at^ustmeut lamade. If it has not the same reaiUng, move the end of the 
level tube nearest the object^laas in a hurizontal direction, wlicn tho telescope Is 
in its proper position, by means of the two small capstaii-hejided screws which 
secure that end of the level to the telescope tube. If the level bubble goes to the 
olnect-glass end when that end ia to the en^ieer's right hand, upon rotating the 
telescope level toward him, then these screwa are to be turned in the direction of a 
left-hunded screw, us the engineer sees them, and iice versa. Having completed 
this adjustment, the level bar itself must now be made parallel to the axis of the 
level. 

To do this, level the instrument careftdly over two of Its adjusting screws, the 
other tw-D being set as nearly level as may he; tumthe instrument ISP'in azimutli, 
and if thelevelindicatos the same inclination, the level bar is a<^ustRd. If the level 
bubble indicates a change of inclination of the telescope In turning 180°, correct 
half the amount of the change by the two level screwa, and the remainder by the 
two capstjui-headed nuts at the end of the level bar, which ia to the engineer's left 
hand when he can read the Ann's name. Turn both nuts In the same direction, an 
equal part of a revolution, starting that nut first which is in the direction of the 
desired movement of the level bar. Many engineers consider this adjustment of 
little importance, preferina to bringthe Jevel bubble In the middleof its tube at 
-each sleht by means of the levelling screws alone, rather than to give any oonsld- 
o this adjustment, should It require to be made. 



1 



33 



The Dumpy Iievel. 

The dumpy level differs from the wj^e level in being attached to the levelbar by 
Immovable upright pieces ; in liaving the level tnl)o firmly secured to the uprights 
of the level bar, in being providcHiwith an Inverting eye-piece (unle&s ordered 
otherwise), and in the al)sen(.*e of the tangent and slow-motion screws. In reeard 
to the level itself, and the optical power of its telescope, it is fUlly the equal of the 
more elaborate wve level. 

Compactness is the object aimed at with tlie dnmpy level, and this must be 
secured at the sacrifice of the parts of th(», wye level which may be considered more 
in the light of conveniences than necessaries. 



Adjusting. 

A theoretically perfect dumpy level has the same points established that are 
mentioned under the head of wye level ; but since its construction differs from the 
wye level, the methods of adjustment are not so convenient, resembling closely the 
acyustment of the transit telescope and its attached level. After adding the aim- 
shade and setting up as nearly as level as may be, and setting the eye-piece 80 to be 
rid of parallax, the two cross-lines should be set one at right angles to line the 
telescope axis describes in its horizontal revolution, and the other cross-line parallel 
to such a line. Tliis is accomplished by loosening the four capstan-headea screws 
near the eye-piece, and rotating the reticule until a point remains bi-sected when 
the telescope 18 moved in azimuth. 

To adjust the level, bring the level over two of its foot screws, and bring the 
bubble to the middle of its tube by means of the foot screws alone. Bevolve the 
instrument 180° in azimuth, and if the bubble remains in the middle it is adjusted, 
if it does not, then correct half its dcmation by the capstan-headed adjusting screw 
at the eye end, and the remaiiung half by the two foot screws. Bepeat the opera- 
tion over the other two screws, until the instrument may be revolved in any position, 
and the level bubble will remain in the middle of its tube. 

To adjust the telescope for collimation, any of the methods given for the 
horizontal cross-line of the transit telescope (see page 28) will apply to the dumpy 
level. The usual method is to use a sheet of water, or where that is not available, 
two stakes which are driven with their surfaces in the same level plane. 

To make the adjustment with the stakes, set up the level halfway between tw;o 
points lying very nearly in a horizontal line, and say 300 feet apart. Point upon a 
rod held at one of them, and bring the level to the middle of its tube. Drive a stake 
at this point, and take the reading of the rod upon it. Point the telescope In the 
opposite direction, again bring the level to the middle of its tube, and drive a second 
stake at the second point selected until the rod held upon the second stake gives 
the same reading as when held upon the fust stake. The tops of these two suikes 
now lie in the same level line. 

Take up the level and set it within a few feet of the first stake. Bead the rod 
upon the first stake, and then upon the second. If the two readings agree, and the 
level is in the middle of its tube, the collimation is correct. If the two readings do 
not agree, correct nearly the whole of the disagreement shown when the rod is 
held on the distant point, by means of the upper and lower capstan-headed screws 
near the eye end of the telescope, and repeat the operation until both rods read the 
same with the level in the middle of its tube. 

The telescope and uprights are in a single casting, which is finished and fitted 
to the level bar, so that the line of collimation may be permanently parallel to it. 

The dumpy level will then be in adjustment, since the adjustment of Its vertical 
cross-line is of no importance. 

The Plane Table. 

A description of this instrument, as modified in plan by H. L. Whiting, Esq., 
assistant U. S. Coast Survey, and constructed by Buff & Berger, may be found m 
the Coast Survey Beport for 1865. 



fnteMIowfog deflcr^on of Its adjnBtmente, bf A. U. Harrison, Esq., aaelstiuit 
U.S. C.S.,iatuken entire from the same paper: 

"TopoBTiiphy ia that branch of aiirveyhig by which aiiy portion of the land 
Hurfnce oftbe earth, is mapped in plan on a specifled scale or proportion of nature. 
With the plnne-tuhle such a mun la constructed on the ground by at once drnwine 
upon tha paper, which Is spread upon the table, the angles snbteuded by different 
objects, and determining by intersections their relative posltioas, Instead of reading 
off the angles on graduateu nistruments and anei-warda plotting the lines by means 
of a protractor, as is done In otber methods of Biureving, The practice with tbe 
plauc-tiLble has in this respect a great advantage lu directness and precision. The 
measurementof distances and of vertical angles are used. In conjunction with the 
method of intersei^onB, to obtain aU the data for representing the horizontal and 
vertical fbatuTcs on the map, which ia drawn In the field wltli pencil, the details 
being tilled in accordingto estahlis-hcd conventional signs. 

•'Adjustments. —From the n^Uui'c of the eervicein some sections of the coun- 
try the pbinc-tahle is cfii'ii ni^cos^uiiiy subjected to rougli usage, and there is a 
constant liability to a dismi'h.nnL-e of the atynatmenta ; stifl, In careful hands, a well 
made iustvoment may be Usud under vi^ry unfavorable conditions for a long time 
without being perceptibly affected. One should not fail, however, to make oec»- 
donal eKamiuunons,aad while at work, If any difficulty be encountered which cannot 
otherwise be accounted for, it should lead mrectlv to a ecmtuiy of the adjustments. 

*'l. TTiefiducial edga of the rale. — This should be a true, straight edge. Place 
the rule upon a smooth siuface and draw a line along the edge, marking also the 
lines at the ends of the rule. Reverse the rule, and place tlie opposite ends upon 
the marked points, and again draw the line. If the two lines comclde, no ai^ust- 
oient la necessary; if not, the edge must be made true. 

"There la one deviatiou from a straight line, wliich, by a very rare possibility, 
the edgeof the ruler might aaeunie,an»ryet not bo shown by the above teat; It la 
when a part is convex, and a part similarly situated at the other end concave, in 
exactly the same degree and proportion. In this case, on reversal, a line drawn 
along tbe edM of the rule would be coincident with the other, though not a tme 
clghc line; this can be tested by an exact straight edge. 

"2. The level attacked to the nilp. — Place the instrument In the middle of the 
table and bring the bubble to the center by means of the leveling screws of the table ; 
draw lines along the edge and ends of the rule upon the board to show its exact 
position, then reverse 180°. If the bubble remain central, it la in adjustment ; if not 
correct It oneJialf by means of the leveling screws of the table, and the other half 
by the adjastlng screws attached to the ^vel. This should be repeated until the 
bubble Icecpsltscentralpoaition, whlcbeverway the rule may he placed upon the 
table. This presupposes the phine of the board to be true. If two levels are on 
tbe rule, they ai'e examined and adjusted iu a like manner. 

"Gi-eatcare should be exerciseainmaidpulatiou, lest the table he disturbed. 

"3. — Parallax. — Move the eye-glass until the cross-hairs are perfectly distinct, 
and then direct the telescope to some distant well defined object. If the contact 
remain perfect when the position of the eye is changed iu any way, there is no 
parallax ; but If it does not, then the focus of the ohject-glnss must be changed until 
there is no displacement of the contact. When this la the case, the oroas-baira are 
In tlie common focus of the object and eye-glasses. It may occur that the true focus 
of thecrosH-hairs is not obtahied at first, in which case a readjnstment Is necessary, in 
_Arder to Bee both them and the ol^ect with equal diathictness and without parahax. 
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Pearsons^ Patent Solar Attachmenty as manu&ctnred 

by Buff & Bei^er. 

The following description of the methods of adjusting and using the Solar 
Attachment was written principally by the inventor, Mr. H. C. Pearsons of Ferrys- 
burg, Michigan, at the request of Messrs. Buff & Berger. 

An illustration of this mstrument will be found in the price list. 

(1.) This ^^ Attachment'''^ is an appliance to the surveyor's transit, for the purpose 
of nnoing the astronomical meri(fian. Combined with that instrument it becomes 
•purely astronomical in its character ; hence, a few delinitions explaining the charac- 
ter or the work to be done seem to be requsite. 

(2.) The Astronomical Triangle is a spherical trianjgle, formed by the intersection 
of the planes of the three following great circles with the celestial sphere, — viz : 

The plane of the observer's merioian. The plane of the great circle containing 
the sun and the pole at the time of observation ; and the p&ne of the great circle 
passing through the zenith of the observer and the sun. 

The distance from the zenith of the observer to the pole, is the complement of the 
latitude. The distance fronf the the sun to the pole, is the complement of the sun's 
declination, — and the distance from the sun to the zenith of the observer is the 
complement of the sun's altitude. 

J 3.) Line of Bearing or Azimuth, The trace of the last mentioned plane, on the 
Sace of the earth, is called the line of "bearing" or ''azimuth" of the sun. . 

It is the knowledge of the place, or direction of this line with regard to the 
equator, that enables us to point out the direction of the meridian, as we shall here- 
after see. 

The place of this line is variable with the observer's latitude,— with the sun's 
declination ; and with the hour-angle or distance of the sun from the meridian. 

The above three elements being known, the "bearing" or "azimuth" of the sun 
(and hence the place of the meridian) is determinate by the rules of spherical 
oigonometrv; but 
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(4.) The Solar Transit determines mechanically the place of the meridian from two 
the above named elements, viz : declination and latitude. The following is a 



Description. 

(5.) The Solar Transit is a combination of the transit-theodolite with the solar 
attachment above mentioned. 

The theodolite is so thoroughly and frilly described in Messrs. Buff & Berger's 
Manual of Engineering and Surveying Instruments, that fturther effort in that 
direction would be superfluous. 

(6.) The Declination Arc is the essential part of the solar attachment. It con- 
sists of an arc of about 30° on each side of a zero-point in its center, and it revolves 
on an axis which is parallel with the optical axis of the telescope when adjusted 
to the latitude of the observer. 

{1,^ The Polar Axis is the axis on which the declination arc above mentioned 
revolves. It takes this name from the fact, that when in position for an observa- 
tion, it is parallel with the earth's axis, and consequently points to the Pole of the 
equator. 

(8.) The Clamping Arc is the part carrying the polar axis ; it is attached to one 
extremity of the transverse axis of the telescope by a collar, about which it revolves ; 
and it is provided with a clamp screw by which it can be secured in any position 
on the collar. 

This arc is also provided with a slot near its circumference, by which it admits 
a bolt with a clampmg nut, that clamps the arc to any position on the standard of 
the transit. 

When the "clamp arc" is clamped to the "collar" by means of the clamp screw 
on its side, the "solar attachment" may be put on to, or taken off from the trans- 
verse axis of the telescope, by means of the screw cut on the end of the same, which 
has its nut in the collar. 

(9.) Two Check-Nuts and a Clamp Screw are provided on the bolt in the slot of 
the clamping arc. These nuts are capstan-headed, so that they may be ac^usted to 




■«tte limb of tii« kto when In a vertical pogitlon 
with a wtLsIier between It and the limb of the are, 
danger of beins diearrangcd from the adjustment for lutltuUe when being clampeil. 

(10.) The SeeHnaiioa Index coneiMts of a vi^uler, by ^lioh the decUuadoB of tlie 
sun is set olT oa the declination arc. 

This vernier Is attacdied to the bar which carrier a lens (called tbe Solar Lena) 
at the upper end, and a, silver plate (called the Focal Plate) at the lower end of Its 
bar, wliich is attached, near its middle, to the center of the declination arc. 

(11.) Equatorial and Bour Lines. On thefhce ofthe focal plate are engraved on 
Mlver two setE of lens, — the liaea of each pair parallel but perpendicular to other 
pair, — and embracing by their Intersection a small square, called the Foaal Faint, 
fi-om the circnmstance of its being in the focus of tbe eolar lens. 

That pair of liueE perpendicular to the face of the declination ai;c, is called the 
Eqttatiirial pdr, from tlie fact of their being parallelwith the planeoftlie equator. 
That pair which is parallel with the face ofthe decUnation arc, is called the Hour 
lAne Pair. — it being parallel with the meridian at the eiiuator when the BUn is at 
Ken> declination, aim theinstrmueut isin position for an obsei-vatioii. 

(13.) The ^rit Level on the elaniijing arc is for thepmT.)ose of setting the polar 
axis to a tmly horizontal position, before elevating this axis for the latitude. To 
fiicilitato the adjustment of the polar axis, Bnff & Berger flirnish a sniallstriding 
level with their solar attachment, which can be placed upon tlie two projecting ends 
of the polar axis which are made cylhidrical for this purpose. By tins level the 
polar axis is at once made truly honzoutal. 
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and up'to the latitude by means of the telescope, it shall be stiictlj parallel with 
tJhe earth's aads, — i. e., In the pole of the equator. 

Also a JWefiott iS'i'i'iff is introducedinto the joint on the polar axis, whereby the 
necessary fricdon of the declination arc on the same, may be secured eo that it 
shall remain in any given position in which it Is placed. 

(14.1 A. GXamp and Eccentric Lever are pro\'ided at the lower end of the declina- 
tlonincfex, whereby the hides may be clamped approximately l.o its position on the 
decluiation arc, when it may be brought precisely to the reading required, by pwans 
of a tangent screw attached to the same cliuiip. 

On the other end of the cross-axis of the teleacope is a small weight, attached 
by a " thread and nut," and removubla at will, for the punwse of counter-weighting 
the above described parts of tbe solar attachment; practically, however, it is not 
found that this counter-part will ordinarily be needed. 

(15.) Latitude Arc, When the vertical arc, or circle of tbe trans It^heodoUte. is 
regarded as a part of the solar attachment, it is called the laiiiude arc. Its office 
te to set the polar axis up to the latitude ofthe place ofthe observer. This is done 
by first bringing the level bubble of the level on the clamp arc to the middle of 
its tube, anu clamping to the standard. Then bring the bubble of the telescope 
level to the middle of its tube by means of the tangent on tlia telescope axis. Then 
releasing the clamp are itom the standard, after first clamping to the cross-axis 
of the telescope, thepoliir axis may be put npapproxiraately to the latitude required, 
and precisely to Its place, by the tangent screw of the telescope axis. 
5 The tangent screw of the telescope may be used to advantage in setting the 
pf latitude. After leveluig up by means of the plate levels alone, turn 
.... ro until its level is nearly horizontal and clamp it to its collar; then 
^_p the telescope to its tangent screw and now bring the bubbfe of the clamp 
§ ptedsely to the middle. Clamp the clamp arc to the standard and unclamp Its 
. mar. Set the telescope nearly horizontal and bring its level bubble in the tenter 
by means of the tangent screw. Clamp the clamp arc again to Its collar and release 
both the clamp arc from the standard and the telescope from its tangent screw, 
when tbe telescope may be pointed approximately to the given latitude and then 
precisely by means of the tangent screw. 

Thepolar axis being in place and securely clamped, the telescope maybe released 
and broueht down for use till from the progress of the survey it Is necessary to 
rea^nst the polar axis to a new latitude. 
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{le.) JtOattonbttmienthepaTtiinftheinslrunina:— 
First. The polar axis must be hurizontal when the zero of the latitude 

vHth the zero of Its vernier. 
Second. The equatorial' Uaee must be vertical wbeu the axis of the eolar It 

horizontal. 
Tlunl. The optical axis of the solar lens must be hi the plane -with the 

line of the decliimtlon arc and Its vernior. 
Foiulih. The vertical plane containing the center line of the polar axis must b« 

Earallel with that containing the optical axis of the telei^cope. 
n ail of the following adjuetments, It is assumed that the trant^it liiBtnmieiil 
Itself has heen previously carefully ac^usted. 

(17.) 1st. The Aijustmfnt of th« Polar Axts. Level the instrument careAlllyin 
some place out of the wind, and where there la plenty of light. Move the clamn 
arc which carries the polar axis until the polar axis is approximately horkontal. 
Clamp the clamp arc to the transverse a^s of the telescope. Place the small 
striding level, which can be supplied with each Inetrument, on the two cyllndrieil 
flaugea which slightly project tMjyond the two ends of the case in which the polu 
axis revolves. Bring the bubble of the striding level to the center of its tube l^ 
means of the clamp and tangent screw attached to the telesn'iope axis. A^oef 
the small stridiiis level, if necessary, by reversing It on the cylindrical flanges oil 
which it rests. This bubble remaining in the middle of its tube, adjust the Ivrd 
on tne clamp arc so that its bubble will also be centraL 

2d. To adjuM the Eqfialorial Lines of the Silver Plate. The polar axis bedng It 
adjustment, place the decUuation arc in a nearly horizontal position. Suspraid a 
flue sillc thi-ead irom some point above the instrument, and cause it to be tnu^ i 
tical directly In front of the focal plate, by meana of a smaU w^ght attached to 
lower end, which may swing in a cup of wat«r to steady It. I^ook through 
solar lens at this plumb-liue, and note whether the lines on the focal plate bi^ 
parallel to this plumb-line. If they are not, tbey may be made bo by loosen^tg t"" 
four small screws which hold the plate. 

(18.) 3d. To make the Optical ArU □/ the Solar Lens lie in the sameplane oa i 
zero lines qf the Declination Arc and il» v«mier. This may be done In two wajs. 

a. Place the lens bar with the declination arc in a nearly veitical poeltit 
Fasten a fine silk thread to that end of the telescope axis which is oppoi^ t 
solar apparatus, and stretch it over the lens, allowuig the thread to lau into 
small notch cut ui the block In which the lens is mounted, and attach a small' — * 

to the lower end of the thread, which is now allowed to swing vertically, 

the focal plate as close to this thread as possible without tcu(£ing it. Cia-mp 
doollnation arc, and with a miignitying glass bring the equatorial Unes on tb ~ 
plate so that they will be at equal distances from the veiiiodl thread. This 
tion is to he accomplished with the declination tangent screw, and to avoid . 
lax, It is necessary to place the eye and the magnifpmg lens in such a position _ 
the whole length of the space between the equatorial Sues appears bi-sected by 
vertical thread. 

Examine the vernier of the decUiiation arc ; if It does not coincide with 
Kpro on the arc, cause it to do so by loosening the two screws with wldch the i 
nier is fastened to the lens bar, and shiit it the proper amount. 

6. Suspend a thread, as In the second adjustment, about two feet distant 
the instrument. Turn the lens bar as far down as is convenient, with the 
bar in the direction of the thread. Clamp the horizontal circle and see thfit 



tr of the leua to see the equatorial lines and the thread at the s; 

To avoid parallax, the eye should be placed three or four inches from the lenB, an 
the equatorial lines must be seen in the middle of the lens. Make the thread fc-^ 
sect the space between the two middle equatorial lines by means of the horlzonta 
tangent screw. Bring the lens bar to a nearly horizontal position, and not« "-fc"**-^" 
the middle space Is sflll bl-sected ; if not, remove half the displacement b 
of the tangent screw of the declination arc, and proceed as before until tl 
space remains bl-sected at ail altitudes. Set the zero of the vernier of the dr' 
arc to coincide with the zero of the are, and the a^uatraent Is ci 

(19.) 4th. To make the plane of the Polar Axif parallel to the pli...^ ^j — 
AseU. Having completed the third a^^tiaent, pluw t^ lena bar In a li 
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MBltlaR. Sot tliQ zero of the vernier of the horizontal circle to the zero of Its are. 
Point the telescope to some well defined point by meAua of the lower tangent 
Bcrewe. Turn the telescope 90° in a;<lmutli, and note whether the middle space of 
the equatorial lines, as seen through the solar lens, oorreBpoud with the point chosen. 
(Look through this leas at the pomt beyond, as described In the preceding iuUuet^ 
ment.) If the middle lines do not oontoui the direction of the point between tnem, 
loosen three of thr four screws which festeii the polar axis to the top of the clamp 
arm, and by means of the two opposing capstan-headed screws, or by gentle 
pressure, move the polar axis until tbe chosen pohit is seen between the two lines 
prolonged. Take care in this adjustment that the untouched screw is one of the 
two on the left hand aide. This adjustment being made, screw the plate flnnly to 
its bearing plate. 

It shomd be remarked that the above adjustments will require to be made but 
"ily. 

■) Ver^inff the Aifjuatment of the Eguali/rial Line*. This adjustment is made 
the manulacturer, and it may be verified as follows : 

Having "set in" the bubble of the level on the clamping arc, turn the index or 
IS bar down to a level position ncross the telescope, and suspend the silk fibre 
plumb-line immediately in front of the focal plate, so as to be seen through the 
solar lens projected on to the focai plate. 

As the index is moved slightly to the right or left, by means of the tangent 
screw of the declination are, the lines, if truly vertical, will be eclipsed by the plumb- 
line. Ifthey should inclinefrom it either way, adjust as described above, 

(21.) Verifictaion of AijuBlmentg three and four. At a few minutes iietbre appar- 
ent noon, level up the instrument careflUly, and set the latitude arc to some 
convenient degree near the latitude of the place. 

Turn the Sub bar into a vertical position, and hring the sun's image from the 
solar lens, on to the focal point as if looking for latitude. 

By means of the tangent screw of the declination arc, keej) the sun's image 
between the focal lines, — moving the whole instrument in azunuth at the same 
lame, to keep the image also between the hour lines — and notethe readiny of the 
declinalion are. 

When the sun is about culminating, turn the whole instrument quickly 180° In 
azimuth,— set off tbe same point on the other siile of zero, on the latitudo arc, and 
bring the sun's image again on to the focal point. The reading of the declination 
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principle, that near noon 
moments changes so slowly as to apjiear constant. 
(23.) Sepeating the At^iiHrnenig. 
irence appears in the reversed r .^ 
(ulriiBimenta should be repeated. Any discrepancy in any of the preceding ac^uetment's 
wUlbe developedby tldstest. 

3.) Seadyfor Uae. The foregoing adjustments being satisfactorily made, the 
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Refraction and Declination. 

(24.) JItfrocHon Tables are prepared, showing the amount of refraction due to 
the mean state of the atmosphere, indicated by the thermometer (Fahrenheit) at 
fiO°, and the barometer at 3D inches. Correetlons are prepared also, for changes 
Indicated by changes of the thennometer and barometer from the mean state, But 
these are too small to be appreciable by the solar transit. 

(25.) Befraction to be redvced for the Time of the Day. Eefraction is applied to 
the Bull's declination, in order to show his apparent place with regard to the plane 
of the equator; but as the eficct of refraction on apparent deelination, is different 
At thedmerent distances of the sun from the meridian, and for different latitudes 
^ A reduetio* must be made before It is thus applied. 

JCr> William iiurt, of "solar compass "fame, lias prepared a table of coefBcients, 
_ ^-j — 'Bishowing the per cent, of relhtctiDa, that must be applied to the deeli- 
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nation, for the diflferent hours of the day, and for different latitudes : but as this is 
only partially correct, we ftimish the following explanation. 

In the following figure, let the lines marked " equator," ''prime vertical," Ac, 
represent the traces ortheirvrespective planes on the celestial sphere. Set off any 
given refraction from to d on the polar axis. 

Then when the sun is in the meridian, the w?iole amount of the refraction is 
effective in projecting the sun's 
image below its true place between 
the equatorial lines on the focal 
plate; and the" coeflScient "of re- 
fraction is unity ^ or d. 

But when the decunation index 
is revolved six hours ftt)m the me- 
ridian, the several lines assmne the 
position as shown in the figure. 
The vertical plane containing the 
optical axis of the solar lens, is the 
prime vertical ; and the trace of this 
vertical plane runs over the face of 
the focal plate, from XII to VI. 
And Q c is now the cofefficient show- 
ing the part of refraction to be 
applied to the declination. 

But c, is the co-sine of the co-latitude, which is the same as the sine of the 
latitude. That is to say the sine of the Latitude is the limit for the reduction of 
refraction to be applied to the declination. 

Between unity and this limit, the coefficient varies with the hour-angle and the 
latitude, according to the following formula, which is readily deduced by the rules 
of spherical trigonometry, — and in which L = latitude ; H = the hour-angle, and 
X° = angle passed over by the trace of the vertical plane on the focal plate, in the 
given time, m : — 

Tan X°= sin II cot L 

The co-sine of this angle X° is the coefficient required. By this formula was 
table //computed. 

(26.) Bedtiction of Declination, In finding meridian with the solar transit, it is 
necessary to set oflF on the declination arc the declination of the sun, in order to 
show his relative position with regard to the equator. 

The Nautical Almanac furnishes this declination for noon of every day in the 

J rear, for the meridian of Greenwich. This must be reduced to the longitude and 
ocal time of the place of observation. 

It must also be corrected for the effect of refraction before it is set off. An 
example will illustrate. 

Required a declination table for the different hours of the day for Oct. 26, 1878, 
Lat. 44° N, Long. 97° W. 

Construction. 

The difference of time for 97° of longitude, is, say 6J^ hours, then, 5% o'clock, 
A.M, corresponds to 12 o'clock, noon, at Greenwich. Then taking out tne declina- 
tion for the day, and the hourly difference or change of declination, add the hourly 
difference for the consecutive hours, thus, (see N. A.) 



Hourly Diff. Dec = 52'' 
(S.)Dec.at55^A.M.=12° 07' 39"— 
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Having computed the declinations for the several hours, write after each hour 
the appropriate decimal, or coefUcient from table (H,) and prefix the -f sign vrbea 
ladtaae and declination are of same namey or the — sign when unlike^ 
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.) fitrniffin? tha Signs of Sefiactiott. The reasoa for the preceding rule tot 

ing Ihe signs of refraction, whenever the name of the decliaatloa changes 

"lear, when we recollect that with the declinution and latitude of the same 

n iiicreaae of the apparent altitude increases the apparent declination, while 

ly effect is produced when these elements haVe different names. These 

signs ehange twice a year, viz : at the cquiiiosea. 

AiiesainplewillbeatBhowtheuseof these eoefflclents. Suppose, at an obaerva- 
tiou at 5 o'clock p.m., in the example of Art. (20,) the refracUon was found to be 
10' 48". The table glTea aa the cotSHcient for this hour, .71, multiplyhig this by 10' 
48", we have T'40" to deduct from the computed declination; thus leaving 12° 8' 
87" to be set off on the deelhiatlon arc, instead of 13° 17' 37". 

(28.) Sun's Image belov> the Equatorial Lines. It is the practise of the public 
land surveyors, to run the sun's image helow the equatorial lines on the focal plate, 
by the amount of corrected refraction, instead of taking it ft'om, or adding It to the 
declination, as above. 

This plan faciiitatea the work somewhat, but it should not he resorted to till 
after the judgment and the eye are well trained by being made familiar with the 
-leeedlng process. 

Parallel lines, at about 5' distance apart, are drawn below the equatorial lines, 
B asstat the eye in bringing the sun's image down to its, proper place. 



Problem. 

(29.) To find the Latitude. Having preparedtbe decllnatioufornoon oftheday 
.IB Jn Art, (28,) level up the instnunent carefiilly; turn the declination arc Into a 
vertical plane, and approximately Into the meridian, by means of the magnetlo 
needle. 

Bring the level of the clamping arc, as also the Index of the latitude arc to read 
zero, and clamp the solar "attachment" firmly to the cross axis of the telescope. 

Set offtbe declination, as In the table prepared, clamping the Index bar at the 
same by means of the eccentrio lever on the limb of the declination arc. 

At a few m!nut«a before apparent noon, bring the solar lens down to "look" at 
the Bun, by canting the telescope on its axis, at the same time moving the instru- 
ment in azimuth so as to bring the sun's imago on to the focal point. 

At first, the Bun'B image will appear to fell; follow it as long as It does so by 
means of the tangent screw of the latitude arc. Also, by moans of the timgeiit 
screw on the horizontal limb of the Instrument, keep the miage on the focal pohit 
between the hour Ihies of the focal plate. 

When the suu's image begins to rise, we know the sun has passed the meridian, 
and we may then read the apparent laCitiule at the vernier of the latitude arc. 

Tills latitude baviuK been measured fl'om the zenith is (ooxniafl hyrefractioh. 
Hence, the corresponding refraction being added to the reading of the latitude arc, 

I we have the true latitude. 
Tlie latitude for other points of the survey, may be found by allowing 92 chs. 
{ 



Problem. 



^.) To find Meridian. As for latitude, level up the instrument carefully, with 

1 zero of the vernier plate clamped to that of its limb. 

Turn the face of the declination are/ri.iu the stin, i. e., in the morning, foce the 
instrument to the west, and in the afternoon, to the cast. 

Set the level of the clamping arc, as also the index of the latitude are to read 
txiro, and, clamping the solar attachment to the axis of the telescope, turn the 

fiolar axis up to the latitude of the place, — making the solar lens "look" towards 
be sun. — and clamp the clamping arc to the slanoard by means of the clamphig 
nut in the slot of its lower limb. 

Then, releasing the telescope frtim the clamping arc. bring it down and n 
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the altitude of the sun, for the purpose of knowing the reflractkm^ — rfpiiting tfcrraDi^ 
a colored glass on the telescope, and readhig the altitude on the latfinde arc 

Haying multiplied the observed refraction hy the'coefOcient fbr the hour (m 
Art. 26,) and applied the same to the computed declination, set off the ooirectod 
declination on the declination arc, and clamp the index with the eooentilo kraM 
the limb of the arc. 

Then, having brought the telescope approadmately into the meridtan bymeni 
of the magnetic needle, turn the instrument in azimuth (on the spindle] to Ibe 
right or leu, at the sume time tinning the index-bar back and ftxrwards in iMt 
ascension, till the suirs image fall precisely on the focal point. J%e opUeiU ioStf 
the telescope toiU th^n be in the plane of the meridian. 



Kemarks. 

rSl.) Tlie object of bringing the telescope into the meridian bv means oftiift 
motlou on the spiudlo, is to have the zero line of the horizontal plate in the nurid" 
ian, so that the azimuth or bearing of Hues can bo referred directly to that line^ 

(32.) If, for any cause, we are obliged to work with an nnoertain latitude, it is 
better to do so with tlie sun as far tVom the meridian as practicable, for the ftilow- 
ing reasons : 

It is only when the sun is in the pole of the meridian, that it has its iwii'gfamni 
efficiency in pointing out the direction of the meridian. Hence, a large hour-angle, 
and a small declination, are conducive to the eUmination of errors resulting frran 
an incorrect latitude. 

Indeed, with the sun precisely in the jnAe of the meridian, meridian Is determi- 
nate independantly of latitude. 

(33.) in making the several adiustments, or rather in verifying them, the stadent 
should have a true meridian established by some other means than by the '^solsr 
transit," — as from the North HUir, by some of the methods given in woi*kson soi^ 
veying. He should compare the results of his observations with this meridian at 
different times in the day, and under diil'erent states of the atmosphere, till he has 
learned any peculiarity of the instrument and the utmost precision obtainable with 
it, as well as the ordhiary limit of non-precision. 



Degree of l*recision Required. 

(34.) This, of course, depends on the chanicter of the work to be done. In the 
U. S. Public Land Surveys, — which are, witliout question, conducted on the best plan 
the world can afford, — only compass lines are required. As a consequence, a wide 
margin for non-precision is given. 

In sub-dividing a block of to\vnships, the surveyor in coursing a random of 6 
miles, is required to make his objective ^oint withm 3 chtdns. Char^^ the half 
of this error to lineal measurement, we mid the error of coursing musfoe wUhin 1& 
of the true course. 

(35.) In Manitoba^ the authorities, having fallen in love ^vith our systemof Pah- 



lie Land Surveys, have adopted it ; but they requii'o greater precision* They 
quire clear transit lines, projected with the best six-inch silver lined instruments, 
graduated to W. 

In coursing a 6 mile random in the sub-division of a township, the surveyor 
must make his objective point vsrithin one chain^ in order to save reviewing his work, 
charing, as before, one half of this error to the lineal measurements, we find the 
maxunum error allowed in coursing to be between S^ and 4\ 

(36.) With the ^^New Solar" as manufactured by Messrs. Buff & Berser, the 
surveyor will be sun>rised and delighted to see tbB facility and certalnQf witn which 
he can bring his work far within t?ie nUfove UmU^ 
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Inclination of the Meridian. 

(37.) In projecting arcs of a great circle with the ''solar transit," it la of the 
Utmost importance that the surveyor be able to tell the inclination of the meridians for 
any latitude, and for any distance of eastmgs or westings. 

As this problem is not treated in elementary works on 
Burveying, perhaps the few following hints may be of use ^ 

to the voung student. 

In the following fgure, let the two arcs A G, and B G 
be two arcs of a quadrant of the meridian, 1° of longitude 
wart. Let A B = the arc of one degree of longitude on 
toe equator = 69.16 miles. 

Let D E be an arc of lon^tude on any parallel of 
latitude. Also, let E H and D H be the tangents of those 
medians meeting in the earth's axis produced, and cor- 
respondhig to the parallel of latitude I> E. 

Then the line E F=D F=cos L = co8 AD or B E. 
Also, the angle D F E=l°,and the angle D H E=the 
inclination of the meridians, which is the angle we wish j^. 
to find, and which we will represent by X°. And because f 
the two triangles F B E and D H E are on the same base 
£ D, and isosceles, their vertical angles vary inversely as 
their sides ; and we have the equation, 

l*'XEr=X**XEH, But 

E F = cos L, and E H = cot L, hence 

X° cot L = 1° cos L, or 

X** = cos L -4- cot L = sin L, (a) 

That is to say. 

The inclination of the meridians for any difference of longitude^ varies as the sine 
of the latitude. 

(38.) Since the sine of the latitude is the inclination in decimals of a degree, for 
one degree of longitude, if we multiply by 3600" we shall have the inclination in 
seconds of arc. Then, if we divide this by the number of miles in one degree of 
longitude on that latitude, we shall have the inclination due to one mile on that 
parallel. Thus, for 




Latitude 43** . 
Multiply by 3600" 



log. sine 



Divide by 50^66, = 1° long, on that L, log. = 
48" .46 = inclination for one mile of long. 



9.833783 
3.556303 

3.390086 

1.704682 

1.685404 



(39.) The use of the Inclination^ as found by the preceding article, is to show 
the surveyor how much he must deflect a line of survey from the due east or west, 
to have it meet the parallel at a given distance from the initial point of the survey, — 
for it will be remembered that a parallel of latitude is a curve^ having the cotangent 
of the latitude for its radius. And the line due east or west is the tangent of the 
curve. 

Thus, on latitude 43°, I wish to project a six-mile line west, for the southerly 
line of a township. 

Bemembering that in an isosceles triangle, the angle at the base is less than a 
right angle by half the angle at the vertex^ 1 deflect my line towards the pole by the 
inchnation due to three miles^—OT in this case 48".46 X 3 = 2^ .25", i. e., D^/lecdon= 
^ Inclination. 

(40.) Table iVb. Ill, which was computed from the formula (a) Art. 37, gives the 
Inclination for one mile, and for six miles on any parallel, from 10^ to 60° of latitude ; 
also the Oofwergency for sts miles, on any latitude. 
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(41.) The Convergency of the meridian \& readily found for anyeiven distance 
from the correspondmg inclination, by multiplying the Sine of the inclination by 
the given distance. 

Thus, for latitude 43°, the inclination for one mile is 48".46 ; the sine of which is 
.000235. This, multiplied bv the number of links in a mile, which = 8000, we have 
the convergency for one mile,= 1.88 links. 

Multiplying this by the number of miles in a township,=36, and we have the 
convergency lor a township = 67.68 links. In this manner were the couvergencies 
of table III computed. 

(42.) Deflection q^ Jiange-Lines from meridian. The second column of table m 
shows the surveyor how much he must deflect the range lines between the several 
sections of a township from the meridian, in order to make the consecutive ranges 
of sections in a township of uniform width, for the purpose of throwing the effects 
of "convergency" into the most westerly rangeof quarter sections agreeably to law. 

ThuSj say between 45® and 55° of latitude, the inclination is practically V for 
every mile of easting or westing. Then, bearing in mind that in the U.S., ♦^e sur- 
veys are regarded as projected from the East and South to the West and Korth ; the 
surveyor must project the first range-line between the sections of a township in those 
latitudes, V to the left of the meridian. 

The second, 2' ; the third, 3' ; and fio on to the fifth, which must be 5' to the left 
of the meridian on the east side of the township. 

By this means all the convergency of the township is thrown into the siocth^ or 
westerly range of sections, as the law directs. 

The fourth column of the above table shows the amount of this convergency. 
This column is also useM in sub-dividing a block of tei'ritory embraced by two 
"standard parallels" and two "guide meridians" into townships. Thus, starting a 
meridian from a standard parallel on latitude 43° N, for the western boundarjr ol 
a range of township, — say the first one west from the guide meridian, — and running 
North, say 4 townships, the surveyor must make a point that is East of the six-mile 
point on the northern "standard parallel" 4 X 67.7 links = 270.8 links, The second 
meridian should fall 8 X 67.7 Ihiks to the right of the twelve-mile point, etc. 

(43.) The Variation of the Needle. This is easily determined by noting the 
readhig of the needle when the solar transit telescoi^e has been brought into the 
meridilii. 
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Table I. 



Befraction of Celestial Objects for Temperature 50o» 
and Pressure 29*6 inclies. 
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Example I. 

What is the correction for refraction for an altitude of 8** 5', the thermometer 
standing at 60'0° and tlie bai-ometer at 29-6*^ inches? 

Answer (by inspection) 6' 25^ : 

and therefore, / 

Apparent altitude : . . . = 8° 5' 

Refraction . = _ 6 25" 



True altitude 7 68 35 

Example II. 

What is the correction for refraction for the same altitude, the thermometer 
* standing at 44^ and the barometer at 29*45 inches? 

Tliermometer correction for altitude 8° 5' = +06 
Barometer ditto = — 2 

Correction for both is 

Mean Refraction 



/.True refraction 

Appai'ent Altitude 
True refraction 

True altitude 7 58 39 



• • * • 
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Table II. 



Coefficients showingr the per cent* of Refraction to 1>e applied 

to the Sun's I>eclination« 





Hours from the Meridian, 


• 
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81 


60 


46 


39 


35 


34 


46 


97 


90 


83 


77 


74 


72 


22 


84 


64 


50 


42 


38 


37 


48 


98 


91 


85 


79 


76 


74 


24 


87 


68 


54 


46 


42 


41 


50 


98 


92 
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78 


76 


26 


89 


70 


51 


49 


45 


44 


52 


98 


93 


88 


83 


8i 


19 


28 


90 


72 


60 


51 


48 


47 


54 


99 


94 


90 


85 


83 


81 


30 


91 


74 


63 


54 


51 


50 


•56 


99 


95 


91 


87 


85 


83 


32 


93 


77 


66 


57 


54 


53 


58 


99 


96 


92 


88 


86 


85 


34 


93 


80 


69 


61 


57 


56 


60 


99 


97 


93 


90 


88 


87 



For the construction of the above table, see Article (25). 
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Table HI. 



Inclination and Convergency of the Meridians* 
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13.0 
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26.52 
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36.9 
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50.19 
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70.1 
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10.13 


I 01 


14.2 


28 


27.66 


2 46 


38.6 
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52.00 


5 12 


72.6 


12 


11.07 


I 06 
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29 


28.85 


253 


40.2 
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13 


12.02 
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30 


30-03 
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41.9 
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55.67 
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77.8 
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546 


80.6 


15 


13.96 


I 24 


19.4 
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141 
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50.9 
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I 06.67 


6 40 


93.0 


^9 


17-93 
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24.9 


36 


37-83 
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52.7 


53 


I 09.17 
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96.4 


20 


18.94 
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26,5 


37 


39-17 


3 55 


54.7 


54 


I 16.67 


7 10 


1 00.0 


21 


19.98 


2 00 


27.S 


38 


40.67 


404 


56.8 


55 


I 14.33 


7 26 


103.7 


22 


21.02 


2 06 


29-3 


39 


42.17 


413 


58.8 


^€> 


I 17.17 


7 43 


107.6 


23 


22.10 


2 13 


30.8 


40 


43-67 


• 

4 22 


60.9 


57 


I 20.00 


800 


III.8 


24 


23.17 


2 19 


32.3 


41 


45-17 


431 


63.1 


58 


I 22.00 


8 19 


1 16.2 


25 


24.30 


2 26 


33-8 


42 


46.85 


441 


65.4 


59 


I 26.66 


840 


120.9 


26 


25-38 


232 


35-4 


43 


48.52 


451 


67.7 


60 


I 30.00 


9 00 


125.7 



For the construction and use of the above table, see articles (37,) (38,) (39.) 
(410 (42.) 

For details of instruction in U. S. CU)vemment Surveying, see Hawes' System 
of " Rectangular Surveiing," and Burt's "'Key to Solar Compass." 



Figl 




Rja. 



E«.3. 







Davis* Patent Bolar AttaobmnBt. 




Transit Solar Attachment. 



oUer liHt tij tho Sbb 



1. Bemarks. The aCtaahment bereiit referred lo is tlie Davis and Berger 
solar SL'reeii, [irisin, and colored aliftde gluss, iised for direct soiikr observation, 
'riiest' inventions have been devised by the Mr. Berger, of the firm of Buff A 
Berger, atid by the writer. They are simply for the purpose of enabling one 
to luake an observation directly upon the Eiin's centre. This obBervBitiou oeiog 
secured by readings of the horizontal and vertical circiea, Is reduced so as to 
' e the direction of the line of sight of the transit at the instant of the observa^ 
Thus knowiitg the direction of the line ofsi^ht at agireu Inatajit it twcomes 
'y neceasary to turn off the angle widch tius liiie of sight mattes with the 

tan, to aacertaiu the position of the meridian. This angle is wiiat is obt^ned 

J redoclog liie observation, as above mentioned. A brief reference to the tiistory 

irflieae devices will tiest explain them. IE occurred to the writer to see if an ima^ 

■ the sun could be formed behind the eyepiece of a telescope at the same dme 

^ Imase of the cross-wires was. and the latter image be made to quarter the 

InoerlDyidlowiag the sun to shine into the object end of the telescope and thence 

_lroctly through it. The experiment was mode by holding a piece of wldte paper 

twhina the eye-piece, and a<^UBting the focus of the eye-piece and object glass. 

The very first trial was readily suceeasflil. The next thing wajs to see if the posi- 

tioa of the luatruiuent cotild be located by this means as near as tlie clrciaB would 

read. By the same simple means It was soon found that a motion ^vea to the 

telescope by either tangent screw might be so slight that the eye coiiUl not detect 

ItDponthecIrolea.but evidence of it would be apparent in tile position of the imagei 

■with reference to each other. Tliis fket at once settled the question of whether 

tliia would be a sufflcleiitly delicate means of ubBervattcn. It showed that the 

observations would he closer than the circles would read. Ailer some trials and 

fttema months rest these facts were brought to the notice of others, and finally were 

nobmilted to Mr. Berger for his opinion. He made a screen which the writer 

nix&ibited at the first aimual convention of the association of Mictdgan En^neem 

Bv)d Surveyors at Lansing. The matter was further studied by Mr. Berger. The 

BwKW was much improved, and the mechanical construction of It brought to 

p the elandard of the work done by this firm. Mr. Berger soon conceived tlie 

1 1 Idea of making the screen of ground white glass In a brass ftame, as shown in 

K ilgg. 1 and S, so one might observe the position of the Images direcUy upon it. 

I WBA time seonre not only the comfort of au easy position in observing, but the 

I MItifleqiient accompanying accuracy. The arm of attachment was perfected Ttom 

i Chae to time. Tlie screen of ground glass is mounted upon an arm that admits of 

[ ftD. adjustments of position, and is so attached to the side of the telescope tube that 

L.fc can be tumpd up out of the way when not needed. The reOecting prism 

^^ki be Mxewed on to the eye-piece cap for observing at liigh sltitRdes. This also iti 

^■dlUMble so as to took In any deeired direction from the telescope tube. Tbe 

^HBgOnal eye^ecealso has Its movable colored shade glass asaliove stated. With 

^■bese attaelmieuts obseiTiitions on thn sun at ail altitudes may be made iti two 

^Enw. Br lookiuff directly at it through the simple colored glass for tow altitudes. 

^BC UTAHf D the prtsm and its shade glass for high altitudes. The other way is to 

^BMolW! «» the screen the images of the cross- wires and the sun and make the image 

Hw ttiA eroBS-wirea fust quarter the image of the sun by means of the slow motion 

^pmmtotltecircleaoftheiaBtnunent. For this method the colored shade glasses 

■fa« not to be nnnd. Wltk this complete outfit one saay worit whichever way seems 
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These devices being perfected have been protected by letters patent, and Messr-^ js 
Buff & Berger make and sell them exclusively. 

2« Remarks* Certain precautions are necessary in the use of this methcz^d 
of finding the true direction of a line as well as in any other. It is not wise ^fco 
observe the sun, read the circles, note down the readings and leave the instrume~snt 
standing there while making the reductions. It will get out of i>lace in some wa.;^^^ 
very likely. Therefore, as soon as the observation is completed and the read5n.^s 
of the circles noted, set the line of sight on some fixed point and read the pla,^ 
again, noting this reading. Of course the two plate readings will give the horizon- 
tal angle from the sun to the line. This will enable the observer, after finding tXie 
direction of the line of sight when set on the sun, to readily ascertain its direction 
as set on the fixed point referred to, thus determining the direction of the line from 
the point over which the instrument is set to the fixed point. This line may te 
chosen before beginning the observation, and become the reference line for the 
work in hand. 

3« Bemarks* For the purposes of reduction the process by equations 'is 
used instead of one by rules. The introduction of symbols and signs is a much 
simpler matter than many suppose. It is nothing but this. We agree that a char- 
acter of some sort or other shall represent a certain thing and nothing else. 
Whenever this character occurs, therefore, it simply means the thing we have set 
it for. That is all there is of symbolical representation. These very words here 
printed are all symbols. The method is universal. We here, as elsewhere in 
algebraic processes, make a special application of it. The rules for a case of this 
kind would be very cumbersome and give the user far more trouble than will be 
necessary for mastering the few equations given below. Tlie record of the pro- 
cesses is hereby reduced to a few lines, and one has not to go searching through a 
page for a point here and there, but places his eye at once upon what he wants, 
where all will be found in a compact form. Of course one needs to read each word 
and each sign. Nothing must be slurred over or missed. The record as set forth 
beloiy is exact, complete and reliable. 

4« Remarks* All computations should be thoroughly checked, and check 
equations and devices are given. These should always be applied, without fail, as 
no one can implicitly trust a computation by a single process, unrepeated, even if 
simple. No one should who is a surveyor or engineer. Several checks are given. 
One used is sufficient, usually. If one distrusts the check because it shows the 
work to be wrong, it may be of some satisfaction to use another or more than one. 

5. Remarks, The directions prepared below are intended for use, word by 
word, and step by step. It is hoped that they will prove in convenient form for 
use as a chart to direct the efforts of the observer in his first use of these attach- 
ments and this method. Therefore, it is thought that one may safely do as told, 
trusting the next step to the next statement. They have been prepared with this 
view. 

6. Using the Screen. 

a. Direotions. Set the instrument so the sun can shine in at the object end 
of the telescope, and directly through iti Eun out the eye-piece and aogust the 
screen behind it, by its sliding arm, so that a distinct image of the cross-wires can 
be seen on the screen within the lighted spot made by the shining sun, as shown 
in fig. 2« Set the object glass so as to clearly define the image of the sun on the 
screen. Bepeat these trials, and adjust the parts of the telescope and screen so 
that the Clearest image of both the cross-wires and the sun will be obtained that 
the telescope will give. Mark the slide on the arm of the screen and the eye-piece, 
so they can be easily set thereafter for an observation. 

6. Remarks. The eye-piece, when all is in exact position, will be found to 
be considerably farther out than for an ordinary sight. The marking of the sliding 
arm and eye-piece will save time in the future. These trials, when made with a 
new apparatus, should be conducted at leisure and with extra care, for the purpose 
of fitting the apparatus carefully to the telescope. A few trials may be needed at 
first in order to accustom the observer to recognize the best definition of the images. 

This solar screen is especially adapted to the ordinary surveyors' and engineers' 
transit telescopes, with erecting eye-pieces. It is not adapted to be used with invert- 



K or Mtam o micftl tsleieopeB, because in auuli telescopes the Imagea ai 

treat a distauee behind the eye-piece, aiid are too large to be received on the 
m. Hence, with eucli teleecopeB, the colored ahade-glassca and reflectiug 
a should alone be need. 
1^. Vstng the Colored Shade Glass. 

DirectiODB. Attaeh Itie eolorcd glass shown In flg. 4, to the eye-piece, 
O Ehleld tb-! eye from the sun and look directly at it, aettiiig the crosa-wfreB ao as 
B quarter it. 

K Remarks. This will he found ejjth-ely satisfactory when the sim's alti- 
■ is so low as to enable the observer to brin^ his eye in apposition with the ey&- 
e of the telescope with ease. 
Using file Di^^nal Bye-piece. 

JMrections. Screw on the prism, us shown in fig. 3, to the end of the 
ion eye-piece. Look directly tlu'ough the ahade-glasa, if observing in thiat 
A;, turnine the prism either way so as to make it convenient to look into it. If 
fcytronble iBexperienoed in fiu ding the sun with it. let the sunflrst shine through 
ihe telescope, the colored ahade-gluss being turned aside, till the brilliant light 
perceived hi the aperture of this eye-piece shows the telescope to be rightly 
directed. Cover the aperture with its shade-glass and proceed. 

b, Bemarks. By attaching the reflecting prism to the eye-piece of the tele- 
scope, the light Is reflected at right angles to the the line of Bight of the telescope. 



too great to allow the e ^. . . . .. 

and not ao great as to bring the eye-piece too ft,r over the plate, but through thia 
rangeof altitudes the solar screea can be used without the priem, as shown in fig. 2, 
and it will usually be found advantageous to do so. 

Sines the prism in etiect withdrawatheeyealiont half an inch further from the 
eye-piece of the telescope than Its natural position, that being about the distance 
'- -'- ^ -.---..---.-. ,,jg5 „ 



traversed by the light in passing through the prlaii , ,^ „ . = . - 

used in Buff & Bergor's transit telescopes makes the use of the reflecting prism for 



I, the high magnifying power 



^^- Veing the Beflecting Prism and Solar Screen combined. 

^/L a. Directions- Attach the prism, and direct the telescope as in S. Then, 
^H^vlng the aperture of the prism uncover^, adjust the solar screen so as to receive 
^^be images of the eun and the cross-wires, aa shown in fig. 1, 
^f 6. Bemarks. For observing the aun at high altitudes it will be found that in 
I this, otherwise moat difflciilt of all positiona, the use of the solar screen combined 

vrith the prism will enable the engineer to make his observation with the greatest 

ease and precision. 

lOt Malring the Observations. 

a. Directions. Direct the teleacope to the sun, and by means of the slow 
motion screws, cause the image of the cross-Wires to exactly quarter the sun's Image. 
Bead both circles and record the readings. Befer the position of the instrument to 
some flxed line, and once, after the above work, by another plate reading. Also 
note and record the exact instant of time pf the observation by the watch. 

b, Hemarke. This observation with the watch may he used as hereafter 
indicated to sirnpli^ and lessen the amount of work in making the reductions. A 
ikir watch of ordinary accuracy is suffleient. The entire work can be cwried on 
"rithout a watch at all, hut it takes some more flguiing. 

XjBe of the Nautical Almanac. 
': Bemarks. In order to use the observations, made as above directed, it 
k neoeasary to And the sun's apparent declination for the time of observation. 
Hiis ts done as directed below. 
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e. Directions. For flndtng the Sun^samarent declination. Look in the table 
of Washington Solar Ephemeris against the date of the observation, and take out 
the follomng quantities. First, the sun's apparent declination, with its sign, + 
when N., — when S., from its column. Second, the hourly change, with its sign, 
from its column. Find from a map or otherwise, th« difference in longitude 
between the place of observation and Washington, as near as one-half hour, or 
seven and one-half degrees. This is + when W. and — when E- of Wasldngton* 
Add to this difference of longitude the time of the observation from noon, this time 
being + when the sun is W. and — when E. of the meridian. Multiply the hourly 
change by this result, in hours, noting all the signs. Apply this product, regarding 
its sign, to the sun's apparent decimation as taken, from the table, for the sun's 
apparent declination at the time of the observation. 

d. Example. Date, 1881— 6— U. Hour, 9k—26»—24«, a.m. Longitude 
about 40 minates Xast of Washington, considered in time. 

Q's apparent declination, 1881 — 6 — 14. 
Washington mean noon, -^ 23® 18' 15*^ 
Hourly motion, -f- 7" 

Time of observation from noon, — 2 hours 30 minutes, about. 

Longitude East of Washington, — 40 minutes. 

Total time of correction, —3 hours 10 minutes, =354 hours. 

Amount of correction = — 3>^ X 7" = — 22^4" 

0's apparent declinatiou from table, + 23° 18' 15^^ 

0's apparent declination at tune of observation, -j- 23° 17' 53^ nearly. 

J.d. Bedttcin^ Observations. 

•. Ck^nditionB. Let h' == the sun's altitude, as observed. 

Let =^ the latitude of the place of observation. 
Let 6 = the sun's apparent declination at the time of obser- 
ir«Jtio&, fbund a« above directed. 

Let «'= the sun's observed zenith distance. 

Let 9 = the sun's true zenith distance, always +. 

Let k and kf be two auxiliary angles used in the reductions. 

Let A = tlie azimuth of the line of sight of the instrument at the instant of the 
observation, reckoned from the N. point of the horizon, either £. or W. as the sun 
is E. or W. of the meridian. 

Let t «^ the sun's apparent hour angle at the time of the observation, that is the 
local apparent time from apparent noon plus the change in the sun's right ascension 
between apparent noon and the time of the observation. This is + when W. and 
— when E. of the meridian, or + tor p.m., and — for a.m. times. The mean or 
watch time is safficient for use in 2* 

Let p sc aa aaxUiary angle wsed in some of the reductions. 

Let all signs be faithfully regarded. Let logarithms be used. 

ft. Directions. For finding z from z". Use the foUowimr equatkma. 

^'=90°—;^' CI) 

z= ^ +55"tan«' (3) 

C Directions* For finding A when ^, 6 and st are gwen. 

Fmd tan >^ (ife— ik') = cot % (0+<J) tan % (<^—S) cot }4 z . (8) 

When0<<5andof thesamenameflnd A;=}^ i3+i^ (A;— A;') . . (4) 

When 0> cJ and of the same name And A:'— J^ z—j4 (k—k") . . (5) 

When and S hare different names find k'^j4^ — J4 (* — ^*') • • (6) 

Then findA from Cos A=tan* tan or tan*' tan ^ . ^ . . (7) 

Checks* 

When (4) is used ^=^ . . . . c c . (8) 



or 



Sin Sin cJ 

COB 



(p Sm d ,^. 




p — il = 24'' 3'IU" 
J^(^ — rf)=12° 1-35" 



ChMfcB. 



9.S315II80 SiDp^lt.86349&4 



CotJ4(^+^ = 0.2342195 Tan « = B.9S8S378. Sin ? =9.8278148 Co9* = !J.( 
I Tani4(y— J) = 9.3264570— Tanf = 0.2477339. Coai'= a.99330G a SluA= 9.9043079 
^■Cot >i s = 0.3048785 — Cog A: 
^■DuHC'b-'*')'^ U-8(J755&0 
^■T ^ 318. AC Bume place in table. 

t 

W 15. 



«(*_*■) =36" 23' 45" 

J4 « =26° 21' 45" 
»-=— l(r 3-00" 



= 99°15'a3?5 

Sin -p = 9^82^148 
Sin. 1 = 9.4951325 



It one search, tlaedtliercbeok 
e performed oltener than the 



^L«ni 



Bemarks. Lookouttanf, cob^, aiiclgi 
«■ may be preferred. This operation neiid nt. „. 
A«mandB of tlie work require, the plate being- used n 

13. Bemarks. 

The observations and reductions can be always made, according to the pMoeSB 
H^vcn. withnot a watch, bat the latitude of the place must be known. It must be 
onried on as the survey proceeds, by measurement, or an ohseTvation made ta 
determine it with the inati'time«it. if h becomes necesaory to Ilud the latitude tt 
■nay be done as followc ; 

14. fading the Latitode by the Sud. 

a. Directions. Por Ohgercacions. Near uoon be^n ta observe the sun 
A Uttfe before it reaches Its greatest altitude. By means of the glow-moliou 
screws keep the eiin's image exactly in place ou the screen, or by direct sight keep 
the cross-wires exactly on tlie euu. As it moves upward Just carefully follow it. 
reuollectltig that the objent is to get its greatest altitude. Be eareflit to stop fol- 
lowing It when tt turns and begins to descend. 

6. Directions. For Reditdhna. Ftad e, as In 12, b. Find the sun's appar- 
[t declination, iV as in 11, c. Then 

;!+ i ■=^, the required Intitude (13) 

Be sure to observe the Algebraic signs, as 'I may be -|- or — . 



, . „ . . ed by tl 
ir south of [he point of the la«t observation for latitude. 



tlons may be conducted according tt 

carefully ascertained by this o 

tance traversed north or south o 
p Wilt at once appear that the measurement and observation u 

tob other. The methoil of reducing the chanye in latitiulc by linear ueaaureraeut 
Utfbeas follows: 

Ftikding the Latitude by Linear Measurement. 
Conditions. 'L'lie latttudcof the point measured riom. or reckoned from. 
I be ki)Own. The measarements must be reduced to the north and south 
etion from the reference point. Let reduced distances north be -|-, and thosp 
nth be — . Let all signs he observed. Lot the true bejirlugs, or directions of all 
jee with the meridian of the rcAirenceDtdlit, be given. Let auy number of course 
« nui iu any direction. ^/''•-'-T^ '■■ 
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.6. Directions. For reducing the north or south distances. Multiply the 
length of each course by the cosine of its bearing, the results being given signs 
as above indicated, + for northerly courses, and — for southerly courses. Sum 
these results regarding the signs. 

c. Remarks. This sum will be the distance north or south of the reference 
point. 

d. Direotions. For reducing feet to minutes of Latitude. Find the length of 
a minute of latitude for the place by this equation. 



•-. t 



m = 607G.36 



(.4-*»l|=-«) .... („) 



Then divide the traversed distance north or south of the reference point by the 
value of m found from this equation. 

e. Remarks. The result will be the minutes and decimals of a minute o^ 
the new point from the reference point. This value of m will be in feet, hence the 
north or south distance must be in feet. 

16. Remarks. The latitude may be dispensed with during a dav^s work 
after the first satisfactory observation. It may be for a longer period if the watch 
is to be depended upon. It will be well to find the latitude, and check the work 
occasionally, where the watch is used. In order to prepare the watch for this work, 
proceed as follows : 

17: Correcting the Watch. 

a. Directions. For correcting the Watch by a Noon Observation, Having 
ascertained the bearing of a line without the aid of the watch, as at first directed, 
near noon set the line of sight in a meridian. Set the telescope so the sun can be 
seen in it, or received on the screen as it passes the meridian. Note the time by 
the watch when the sun^s west side comes in apparent contact with the vertical 
cross-wire. Note the watch time when the east side of the sun just touches the 
vertical wire. Find the time halfway between these two noted times for the time 
of the meridian passage of the sun's center, or the time of apparant noon, by the 
watch. 

6* Remarks* The time as above found should differ from exact noon by 
just the equation of time for that date and time as given in the Nautical Almanac. 
Observe tne sign there attached to the equation of time. The watch may then be 
set to true time if not correct. That is, it may be set so that the time of the sun's 
meridian passage will be just the equation of time, with its sign, from exact noon. 

c. Remarks. The watch may also be corrected directly from an observation, 
reduced as at first directed in lO and 12. Here it will be necessarv to take the 
watch time of the observation, as directed in lO. Having done so, and reduced the 
observation by 12, proceed as follows : 

d. Directions. For correcting the Watch by an observation at any time. Hav- 
ing found A and «, and knowing fJ, find t by the following equation. 

o. , sin A sin 5? -,^. 

Sm« = T — (15) 

cos o ^ '^ 

This being in arc, reduce it to time at the rate of four minutes of time to one 
degree of arc. 

e. Remarks* This result should differ from the watch time of the observation 
from mean noon, by just the equation of time, with its sign. If it does not, set the 
watch so it would have done so had the observation been made with the corrected 
watch. 

18. Remarks. Having corrected the watch by the last method, the value of 
t in time may be found from the value oft at this observation by noting the time 
by the watch of another observation, and thence finding the elapsed time. This 
applied to the first value of t will give its value for the last observation. Thus the 
value of t may be carried forward as long as the watch runs true. Of course it will 
occur to many at once that the watch can just as well be used to measure the 
elapsed time without being corrected. This is too careless. The better way is to 
keep a carefUl oversight of the watch by correction. Thereby it may be known 
how much the watch is to be trusted. It is always best to establish a routine sys- 
tem in these matters, as soon as practicable, and adhere flaithfUlly to it. 



10. Bemairkg. Wlien tbe vr&tob ia corrected by either method, It will g:tTe 

the value of ( in time directly as follows : Note the time of an observation. Apply 
to this time the equation of time loiift Us sign, its given iu the Soliir Ephemeris Table 
of the Nautical Almauoc. ThercBult wlllgive the appareut time of llie observation 
from apparent noon, -j- when the ami is weat ot the meridian, and — when it ia eaat. 
Tliia (bund ia the required value of i. 

20. Reducingr Observations. 

ft. Conditions- Let tlie notation be as before. 

Let C = the aim's appareot hour angle at the time of the observation, that Is the 
local apparent time from apparent noon Thia is + when W. and— when E. of the 
meridian, or + for p.m., and — for a.m. times. 

Let the yalue of tbe found by IS or 19* and reduced to are at the rate of uue 
—degree of arc to each four minutes of time, the woi'lt being carried out to aecoiids 



DirectionB. '^<"' Jlndint; A when 6 
Ibllowiug equations. 

Sin A = — Ef— ^ 




e given. I'ind A 11-om the 



iJ = 18''30'20"N. 
Co8(I = i>.9r7a654 
Sin (=9.9174225 



= 52° 43' 30" ( = 



9.92311461 
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9.8950779 
Sin B = 9.9007700 J 
SinA = 9.9943079 

A = 9B=15'22?5 
, The value of A aa determined in these examples is greater 
_. in 90°, because the enu is south of the zenith. The value of t used in the second 
example waa found from tlie first, hence the exact cbeclc. It may be noticed how 
much less figuring la required in the second example than In the first. Jt should 
be noted, however, that more than one check is figured out In the first example, 
and 80 more than the necessary flgurea shown. The value of A is carried out with 
exactneaa in order that the process may be fully illustrated. 

81. Summary. Several courses are hereby opened to tbe surveyor. This 
is done tliat he may have tlie more checks at liis command, and so make certain of 
his work. It may be well to indicate these courses in a catalogued form for easy 
reference. The courses are 

The processes of 10, 13, and 14 or 15. 

TheproaeBseaof 10, 12, and 14 or 15, and thfnce 

16, a, or 16, d, and 18 or 19 and SO. 

]iS3. Cautionary. Keep the levels and the vernier of tbe vertical circle in 
good adjustment. Also keep the adjustment of the axes of Che instrument, the 
transit axis and the vertical axis, in good order. 

23. General Bemarks. Itwillbeseen thatindoingaolarworkwiththese 
atlachmenta in the maimer explained above, the observation of the sun depends on 
the ordinary line of sight of the telescope exactly aa in all Geodesic work. 

For this reason no extra adjuitmenU are required. The accuracy of the observa- 
tion in no way depends on theae attachments, which are merely conveniences to 
enable one to make solar observations with the ease and precision of ordinary 
terrestrial work. 

Other Solar Attachments are mechanical devleea requiring special aiyustmenta, 
and considerable care la neceaaary to keep these adjustments perfect, while they 
OBuae some degree of anxiety and doubt in the mind of the engineer aa to whether 
they are quite perfect or not. 

With tlds invention all these sources of anxiety are avoided, the solar observation 
being made with the telescope of the transit itself, while it has the advantage ()f 
lielng applicable to every surveyors' and engineers' transit, ia ao light as not to add 

ireciably to tiie weight of the instrument, so simple aa to require no special pro- 

"~ for ItB care, and so cheap as to bo within the reach of every aurveror. 
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ThisftttuchnienttotheengiueBr'HtraiiaiUrt . , 

of Haverhill. Mass., Is designed to fucilitaCo the operation o 
vurves, or riumlug out area of circles for anf purpoge where the u 
requii'ecl. 

As these curves are usually run by the method of equal angles, Bubtended by 
equul chords, it requires considerable tima and no little care on the part of th« 
transit iiihej. to set oS the alleles trora the vcniierB, eBpeciallf when there are odd , 
minutes In the augle ; but witli the equal arc^neter attachment it is only necesEai; 
to read the angle onee. The meter is then careftilly set. after whtch the ftnele nt — 
be repented any number of times with the greateat rapidity and aL-euraey, the y 
nier sliowing at any time the sum of the angles turned off. 

The constraetlon and operation of this device will be readily understood by 
refbrencB to the annexed engravbig, in which A reprcaenta a front view of the ver- 
irier plate of the ordhiary engineers' transit. M, the main plate or ch'cle. E, tho 
vernier tangent screw in sectioii. B, spring bolt. 1>, the vcrtieal portion of Bw i 
radial arm. FiClamp Korew. These are the oi-dinftry parts of the v«i-nler cian^i 
and tangent device aa usiinlly conatnicted for all surveying bistnimentB ; but if 
the alraple addition of chknip-screw Z, operating screw eye bolt X, Y, by mtasmw 
which spring bolt B, is clamped hi any desired position, and the Bupplementwy 
clamp screw C, to hold the plates firmly together, It maybe naed for the ptuposeof. 
repeathig any Bmnll angle. Independently of the vernier readings. 

The operation la aa loUoivs : — Snppoae thetransit set overthe tangent prfnt of 
the curve, clamped at eero. Reverae telescope and align upon the back stafE fol- 
lower tangent screws ; clamp spring bolt B with damp screw Z ; tni-n back ttXh- 
gent screw Si, tmtil space K, eqiiafs the are tne.tEitre of the angle to be n 
This being vciy carefidly done by the vernier reading, our meter is set am _, 

for the work. With telescope on tlie fore staff, suppose we ai'e to deflect to toe ■ 
left; aetclauip screw O, release clump screw F,and move ai-m Dto the riS'^' 
until it comes in contact iiitli point of screw E, as shown by dotted ijnss; flcifc 
clamp screw JP, and release C, then tui-n vernier plnte and telescope until jpolvt of 
spring bolt B- cornea lu contact with tangent arm B; set ehuap scvewC. XIm 
chain-man may now be aligned and the first piunt flsed. Tlie simfile repetitiaK O 
this operation, which the trungit roan can very easOy perfonu without o*'^*""'"' 
his position at the instrument, seta eveiy stake in the cui-ve as far as the t _ . _ _^^ 
tends, and as rapidly as the cjiaiu-man can proceed. Clamp screw C is lenwind 
aud carried in the pocket when the meterisnot inuae; but the clamp ia pernu 
etitly fixed to the main plate, and Is a great convenience In setting the veminSAf^^ 

t may be very easily 




An inatmraent for mcaanring the areas of plane Burfiutes, by paarfiig a pointer 
arouud their periphery. It ia of great conTenleuce to all classes of eiigineere, oiid 
practically applicable to a, gi-eat vaiiety of purposes. To measure Mie areas of 
flgui'es thut are botiiided by li-regular lines, such as ;— drainage areas ; lots boiiudcd 
by rivers or creek* ; contoui' lines of ponds, et«. j to get the true average of obser- 
vatious taken at hregular iutervals ; to measure indicator aiid other diiLg^'ams, and 
for many other portKiiis of engineering work. As these InstrumeHtB wSl not only 
give the aiea of any tignre, bnt also any multiple of such area, and the sum of any 
unmbvr, or seiies of such multiples, at one operation, they may be used to very 
great advantage in the calculation of the cubical contents of solids ; as in the cal- 
etfladon of QBrth-worl(, etc. See on this point an arlMo by Clemens Horschel. Esq., 
in the Jourttal of the Franklin Institute for April, 18T4. The planimeters graduated 
by us are rated to read sqiiare inches of area, square centimeters of area, any mul- 
tiple of these ai'eas, and so as to give the cublo yards in any cut or JU, if iised 
according to the directions that win accompany each Instrument, Two eonsecu- 
tive measurements of the same area need never differ by more than 0.02 of a square 
inch; and by repeating the measurement in tbe same manner that angles are re- 
peated with a transit instrument, the error of observation may be reduced to but a 
smatl fraction of one hundredth of a square inch of area. 

The above illuHtration i-epreseuts the planimeter, as sold by na, ready for 
nse. Tlie total length of the instrument la about nine inches. Tiie graduated 
bars' A can be slid in and out in a socket formed at the top of the frame, the thumb- 
screw/being used for fine movements of tiiis sort; by this means, and by the 
MDHlble fbrm of gradnation adopted, the planimeter may be made to do the various 
operations spoken of above. Theoiy I'cquiivs that the pointer d, which is moved 
ai-ouud the peripheiy of the flgui-e whose area is to be measured, tlio pivot k, at 
tt iaJuacHon of the two arms jj fcaud ij, and the main axis a 6, upon which ttinis 
^Mto nxeamiring and counter wheel e should all be in one and tlie same straight line ; 
^^^E tiUl puipose, our lustruaieute have both the pointer d and the rear pait 
^^^^^6 flnms which carries the rear bearing of the axis a b, adjuatable. £ach 
^^HUtng of the instrnment consists of a record of the number of revolutions of the 
^^Htmter-whect e rend to three places of decimals ; the whole revolutions are read 
Dm the wheel I, the tenths and hundredths on the wheel itself, and the thousandth 
cn the vernier nt. With sncli simplicity of coustmctionand of operation, the accu- 
racy ofwork done by tluslnatnunent is one of the most surprising thhigs about it. 
TheAgnresKlven above in relation to accuracy of work are, however, reliable; 
■ Ing derived from the experienue of several years la the use of the planimeter for 
— Mnda of work. 

A sole lenl wilb ouc plammeMTs caa be UKd toprore the correct wodnng ol Ihe lutninient. To 
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The pollowino demonstration of the workino 

OP THE PULNIMETER IS FROM THE PEN OF WM. 

D. Gelette, Civil Engineer, formerly of 
Boston, now engaged in the construction of 
THE Southern Pacifio R.K. 

Case I. When the anchor point is outside of the 
figure to be measured. Let X be the figui*e to be 
measured, and let a be the pole or orij^, and R the 
radius of polar co-ordinates of the pomt t in Fig. 1. 
Andle^Rj De the radius of a second point t^ on the out- 
line of the figure X, and let d be the angle t a t^ — then 

the area of the triangle t a Jj= — =-^ . But if 9 be 

taken so small, that for the small distance t t^^ the 

radius R may be taken constant, then area tat^= — y^ . 

By polar co-ordinates the area X = S — ^^ (1) 

Let a be the anchor point, t the tracing point, and to the point of contact of the 
flange of the wheel of a polar planhneter, and call i p = y, op = 2?, sad p to =/, and 
the angle aj>to = atheu after the motion of the tracing point t to t^ the point p 
comes to p^^ w to w^ and the angle a changes to otj. But when, as in this case, it is 
supposed that during the small motion 1 1^ the radius R is constant, then for the 
same lefigth of motion, a will be constant and pap^ will = d. 

Expressing R in terms of y, e, and a, we have R^= (t m) *+ (a j>+i>w) •= 
(5?+ycosa)'+(ysina)*=«*-|-2 «y cos a -f 2/* cos* a + 2/* sin* a But sin* a + cos* 

« = 1 and -R'^z'+^zy cos a + y*. And the area t a «^=B!^B_i_^^[L?+ 

2zycosaBme . y'sind ,_ ^s^sinO . 2 2 5??/ cosasin ^ . Sj/*sin^. -, . , 
2 + -2~^''^-^ = ^— 2— + 2 + 2 ^^^ 

tlie summation, owing to the fact that the instrument returns to the same position 
from which it started, the 2 sin must = and wherever combined with constants 
only, in the above equation will reduce to 0, hence the fii'st and last teims will dis- 
appear, but the middle term which contains the variable cos a will remain, hence, 

X = 2 ;? y cos a sin $ (2) 

It will be seen by reference to Fig. 1 that z sin =pPi when is very small, .*. 
z sm cos a =pPi cos a=2\q which is the component of the motion of the wheel 
which is atri<2:ht angles to its axis, and is therefore the part which represents the rotar 
tion of the wlieel for a sniiill motion 1 1^ of the trachig point. And this component 
multiplied by the arm y gives z y sin cos a which by equation (2) expresses the area 
of X after summation. But 2 z sin cos a is the resultant rotation of the wheel 
after the tracing point has completed the circuit of X, hence the area X = distance 
rolled by the wheel nmltiplied by the length of the arm y. Calling the cu'cumfer- 
ence of the wheel c, and the number of resultant number of revolutions made during 
themeasiu*ement n, we have X=2/ c 71 (3; 

And if the instrument is graduated so as to record y c n, and we call the record of 
the instrument r, we shau have, X*»r. 
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Ca43e H* When the anchor point isi9- 
side the figure to be measured, — and the 
rotation of the wheel is forward or plus 
with reference to the figures on its circum- 
ference, — it will be seen that there will be 
one position of the ai*ms y and z^ which, 
while the point t describes a ch'cle around 
a as a center, (see fig. 2) will produce no 
rotation of* the wheel. The condition 
under which tliis will occur will be fulfilled 
when the angle twa^= 90°, in which case 

and the area of tlie circle described under 
these conditions = 7rR'=7r2^+27r2^ /4- 

i^f (4) 

Call this the corrective cu-cle. In (fig. 2) 

the area of ^ a ^j= »^^ the area of the 



360 



X = 2 7rR» 



e 



as before 



whole figm'e ^ — ^ « ^^. o^q, 

R2 = ^?«-]- 2 z y cos a + y*and hence X^ 



e 



d 



2 TT 2;'oRA + 2 2 7r zy cos a sSn + 2 tt y» 



360 



360 



360 



(5) 



^/^ y 



But in the siunmation the instrument makes a complete revolution around a, 
the sum of 2 ^-^ = 1, and when combined with constants only, will not appear in 
the result as a factor. Hence we have 

X = 7r5r*+2 ^2 7r2rycos«^J+7r2^« .... (6) 

Now follow out on the diagram in Fig. 3, the motion 
of the wheel, which coiTesponds to a motion of the 
tracing point from tio ^, first dividing that motion hito 
two parts ts ands t^ swinging the arm y around the 
l)oint p until it becomes parallel to t^ p^ while z remains 
fixed, produces tlie first motion and causes the wheel 
.^ to to roll backward to s^ and as the path of its motion 
Nis everywhere perpendicular to its axis, s^ w will repre- 
sent rotation or distance rolled during that motion, but 

as 8 p t = d the distance 8^w = 2 n /qqq which is the 

backward or minus rotation of the wheel. 

The second part of the motion is by moving the arm 
y from « «, to t^p^ during which the wheel moves from s^ to w^ and this motion is part 
sliding and part roUing, the rolling component is p g, and causes forwai'd or plus 

rotation of the wheel, the value of pq is 2 irz g^ cos a, and the resultant rotation 

of the wheel is on completing the circuit =2 f 2 tt 5r cos a oqq ) — 2 27r/; and the area 
expressed by the wheel as by Case I is 

^ (27rzycoBa^QQJ — 227ry/ .... (7) 

Ck>mparing the area expressed by the wheel which we will call r with the true 
area of the figm'e as given by £q. 6, we have 

X=:7r««-j-2 f 27r«ycosajggj H-Try* . 
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X — r ■=^«*+2tr/jf + ry« which is seen to be identical with the eicpression 

in £q. 4, tor the area of the coiTective circle. Hence, calling the area of the correc- 
tive circle C, we have, for Case II 

X— r=C; andX=C + r (8) 

It will be seen from the above equation that when z cos a =/, the forward rota- 
tion of the wheel just balances the backward rotation, and the result is for a read- 
ing. This occurs when the tracing point moves on the arc of the corrective circle 
ai3 the area passed around is X = C. When z cos is less than/, then the back- 
ward rotation preponderates over the forward rotation, and the result is a minus 
reading ; this is Case III. 

Case HI* When the anchor point is Inside the figure to be measured, and the 
rotation of the wheel is backward with reference to tlie figures on its circunofep- 
ence. In this case r is negative, and instead of X = C + r, we have X = C — r. 
Hence, we have for Case I, X = r. Case 11, X = C + r, Case III, X = C — r. 

Suppose it to be required to make the instrument record ICk) for every square 
inch passed around by tlie tracing point. As tlie wlieel is divided on its circumfer- 
ence into 100 divisions, and by the vernier can read tenths of these, then -5^ of a rev- 

1 c 

olution will give a reading of 100, make X:=l sq. in., and n =r^thenbyEq.3,yrjr 

= 1, and y = —: the length of the arm varies inversely as the reading, so for any 

c 

other reading we may obtain the length of y by simple proportion. Suppose it is 

required to read v for every sq. in. passed around, we have 

100 y ^ . , . , 1000 
— = TTT from which 2/ = . 

~c~ 
The range of the arm renders it impossible to set it so that for one sq. in. of area 
it shall read more than 250, or less tlian 50, so the value of v must lie somewhere 
between these limits. Having determined ttie value of y for any particular scale, 
the value of C maj be found Ity substituting in Eq. 4 ; the values of z and /being 
measured on the instrument. 



Current Meter. 

An instrament used in the hydrography of rivers and harbors for measuring the 
velocity of the current, at any depth, and generally, at any defined point in the 
cross-section of a stream. Since tlie days of Woltman this instrument has under- 
gone many improvements at the hands of experienced engineers, and the illustra- 
tions given in tlie price list, represent it as manufactured by Messrs. Buff & Berger, 
of Boston, who make it according to two general designs; the one with special 
regard to the results of a series of careful experiments oy Mr. Clemens Hersekel, 
Hydraulic Engineer, Boston, Mass., the other after designs furnished by Gen. Theo. 
G. Ellis, of Hartford, Comi. The first named experiments were made at LowelL in 
1877 and 1878 under the direction of Mr. James B. Francis, Engineer of **The 
Proprietors of Locks and Canals on Merrimac River," and warrant to say that 
velocities as low as 0.17 of a foot per second can be measured. 

In designing these meters, it has been the aim to make all parts of the instmr 
ment as unchangeable as possible. For this purpose the wheel is fhmished with 
a guard ring, thus connecting the outer ends of the vanes among themselves, and 
the journal m which runs the main axis is made of an agate, as is also the bearing for 
the conical pivot at the end of the same axis. The wheel is a geometrically denned 
body, the vanes being surfaces of an Archimedean screw ; hence in case of loss or 
injury, the wheel can always be replaced by one of exactly the same size, constmo- 
and qualities ; experience as well as theory having shown that the shiq;>e of tbs 
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set (s the ruling elHsent tn tbe rate of the iustnunent. These remarks apply 
Jly to the three kinds of meters shown In the price list, la Figs. I and n the 
UiK is shown, by mcntiB (it which the dial wheels are tlirown in and ont of gear, 
e soort pull OR tho string throws them In gear, and the sucoeedhig uuU will throw 
on nut BgiUii ; tlie next one in, aud so on. Fig. I represents the cheaper Idud of 
aaeDt, in which the dials aud ijreurs ore not protected while in tlae water. 
[I shows a complete protection oT both dials and gears, as well as a. protection 
'-1 niain axis and its be.'uliiga from Impmities wliile In the water. TUs 
joii may be iist^Ail in preventing straw, dirt, etc., fl'ora clogging the gear. 
.0 lessen themcUonon llie Journal thcontcvriniof thewiieeleanbeprovfdedwith 
all (^r-cliamber, and the size of tliis is bo nicely adjusted that the wheel aad its axis 
would Aoat in the water if detached D'otu the instrument proper. 

Tlie electric form ofnieterahown in Figs. Ill aud IV, Is especially adapted tor 
ohservntions upon large rivers, arms of the sea, etc. It has Its registering apparatus 
above theeurfaceof the water, or on the bank of a river, aud current meaam-ements 
may bo tmide with it at any depth, and may be coutiimed ftr a week, without 
Stopping, or longer, if desired. Half adozeii or moreof these metors maybe strung 
~n one and the same vertical rod or wii-e, and simalianeovs observatfons then taken 
t the TelodtieB at dlfft^rent depths below the surface. TPlth the meters shown in 
TB (Irtt and second flgmriB, to Ve used principally in water not over ten or twelve 



)t deep, a, gauging of a quantity equal to 1000 cubic feet per second, has been made 



^^B/ewi' )nJnu%«, the"calculatioH o'f tlie Held notes so taken requiring only about Ave 
^^^inutesmorewithout leaving the place of gauging; thus lin ding the quantity fiow- 
fcig in tlie stream witlun ten nflntites from the time of couunencing to gauge — a speed 
ofwork accomplished wiilch has beeneqnalledbynoother instrument yet discovered. 
ThefonnorcuiTent meter shown In Fig. IV, was used upon the gauging of tho 
Cotmecticut Blver* by Oeueral Ellis, and was designed particularly to avoid the 
catching of floating substances, such as leaves aud grass, upon eithei- the vanes or 
the ■vi", and to render the record of the lustruiuent ludepeadcut of the position 
of Its axis with respect to the line of the current. Also, to get less Mctlon upon 
the axis bo as to measure low velocities accuratelj'. 

Tlds current meter Is also adapted to be used with an electric register for showing 
the mnnber of revolutions of the wheel. It is eonstraeted upon the principle of 
Bohinson's Anemometer, tm-niugby the difference of pressure upon opposite viiiies 
of the wheeL The vanea of this meter Jmwever, instead of behig hemlspheiieal 
' cups with a straight stem, are made conical at the ends, and ai'e lioUow aud taper 
to the central hub, so as to offer no obstruction to the slipping offof straws, leaves, 
or gi'ass as the wheel revolves. The ccuti-al hub is made tapeiing so that any object 
can slide off easily, aud it extends over tlie Joints at the ends of the axis, so as to 
•BCiose aud protect them froni floating subatauces. 

The axis' rmis in agates, through which a Ano platinum wire connects with the 
metal of the frame. 

Tlie ftH'ward end of the frame which oarrfcs the wheel, can be turned and secnred 



10 electrical connection Is made by caiTviue au insulated wire from n 
: Of tlie instrument, where the insulated w&e !rom the battery is attac 
When in Bse, out to tlie end of one arm of the wheel frame, where It ends In a 
ilathimn wire resting upon a ring tn the hub of the wheeL Tliis rhig is made 
»rutttointeTehuugeat>Ie scclions of silver and hai'd rubber, secured in place by 
BO that their portion can be changed to register whole or part I'evolutions 



imy position so that the wheel can be horizontal, vertical, or at any desired angle. 

Kfie electrical connection Is made by caiTvine au insured wire from near the 
T of tlie instrument, where the insulated w&e Bflm the battery is attached to 
i " ' 

! 
Iiere le also a socket and eet-ecrcw iu the body of the frame neai* the center, 
IB retm^n cuii-ent. wiiicfa con be carried most conveniently tlirough a plain wire 
tlf twisted ai-oiiitd tlie liisuliitod wire so us to (in ni one cord. If tfie inscnt- 
13 run upon a wire, or has a metallc connection witli the surface, the return 
onrreut can be made tiirough that. 

The milversal motion at the ceuter of the frame and the tail are of the nsual 
constructiou. 

This meter can be used In connection with any apparatus for regist^'ring the 
revolutions of the wheel by the breaks in the electric cii-enit. 
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On Stadia Measurement. 

Written especiaUy for this Catalogue by Geo. J. Spkcht, C. £., San Frandsco, Cal. 

A transit or theodolite, which is provided with the so-called stadia wires and a 
▼ertical circle, furnishes the means to obtain simultaneously the distance aud the 
height of a point sighted at without direct measurement, and with the only use of 
a self-reading rod, held at the point of which tlie horizontal and vertical position 
is to be determined in reference to the instrument-point. 

Besides the ordinary horizontal and vertical cross hairs of the diaphragm of the 
telescope, two extra horizontal hairs are placed parallel ^vith the center one, and 
equally distant on each side of it, which, if the telescope is sighted at a leveling 
rod, will inclose a part of this rod or stadia-rod, proportional to the distance firom 
the instrument to the rod. By this arrangement we have obtained an angle of 
sight, which remains always constant. 

Supposing the eye to be in the point O (Fig. 1) , 
the lines O e and O k represent the lines of sight 
fi-om the eye through the stadia- wires to the rod, 
which stands consecutively at A; e, » d, A c, ^ & and 
/ a. According to a simple geometrical theorem 
we have the following proportion : 

O a: Oh: O c:0 d:Oe=af:'b gichidii eh^ 

which means that the reading of the rod placed 

on the different points a, &, c, d and e is propor- 

A * « tf « tional to the distances O a, O &, O c, O d and O e. 

The system of lenses which constitute the telescope do not allow the use of this 

Sroportion directly in stadia measurements, because distances must be counted 
*om a point in front of the object glass at a distance equal to the focal len^^h of 
that lens. 
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Fig. 2 represents the section of a common telescope with but two lenses, be- 
tween which the diaphragm with the stadia-wires is placed. 
We assume : 

/= the focal distance of the object glass, 
p = the distance of the stadia-wires a and 6 from each other. 
d = the horizontal distance of the object glass to the stadia, 
a = stadia reading (B A). 

D = horizontal distance from middle of instrument to stadia. 
The telescope is leveled and sighted to a leveling or stadia rod, which is held 
vertically, hence at a right angle with the line of sight. According to a principle 
of optics, rays parallel to the axis of the lens, meet after being refracted in tiie 
focus of the lens. Suppose the two stadia wires are the sources of those ravs, we 
have, from the similarity of the two triangles, a' b' F and F A B the proportion : 

(d — /) : a=/:p. 
The value of the quotient, /: p, is, or at least can be made, a constant one, which 
we will designate by the letter k ; hence we have : 

((f— /)=FC = ifca. 



J Inordertogetthedial&ticefromClieceiiterDf tlieinBtrumeiitN, wehavetoi 
» the nbovQ Value of F C vet the valne a. 

s = OF + OIT. 
O N is mostly equal to balf tUe foual length of the objectic, hence we have 




When the line of sight is not level, bat tbe stadia Leid at right angle to it. the 
Ibrniula for the horizontal distance is : 
p) D = t.a.Goan + c + om. 

a — 2i',n=^ 45° the value of cm is but 8.4', and for 

tsmaj safely he omltteil. 

^ - . , larlj;totheUneof8ight; 

I'.Uiey accomplish this by different devices, as, a telescope or a pair of eights attaclied 



for the rodman to see 
instances It la entirely 
on a place where only 
The only correct way 



at right angle to the staff. This method is not practicable, 
espetially in long distances, and with greater vertical angle' 
the exact position of the telescopes, and further more, in som 
impossible, when, for instance, tbe point tohe ascertained li 
the staff can stand, but where there Is no room for the man. 

1(0 hold the itaffis verticaUy. 
In this case we iiave the following: (Fig. 4) 
I MF = c + GF = c + t.C.D. 

I CD must be expressed by AB. 

I AB = n. AGB = 2m. 

I CD = 2GFtan.m. 

I And finally, after many transformations ; 
I D = ccos 71 + u.fc.cos'n — a.A.siu"" tanim. 

f The third member of this equation may safely be neglected, as it is very small 
ereo for long distances and large angles of elevation (for IBOCC, n =45° and k= 100, 
tt Is hnt 0.07 ). Therefore, the final formula for distances, with a stadia kept ver- 
tically, and with wires equi-distant from tl>e center wire, is the following : 
(3) D=c.coS7.-t-a.t.cos'B, 

The value of ccos n is nsually neglected, as It amoants to but 1 or 1.5 feet ; it is 
exact enough to add always 1.35' to the distance as derived ftom the formula 



witnot 



without considering the different values of the angle n. 

Kin order to make the subtraction of the readings of the upper and lower wirp 
ukly, place one of the latter on the division of a whole foot and count the parts 
- 
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included between this and the other wire ; this multiply mentally by 100 (the 
stant k) which gives the direct distance D'. 

In cases where it is not possible to read with both stadia wires, it is the cust^.,.;^^ 
to use but one of them in connection with the center wire, and then to double -^^^ 
reading thus obtained. With very large vertical angles, this custom is not adr-^^^ 
able, as the error may amount to 0.50% . 




To find the height of the point where tlie 'stadia stands above that one of the 
instrument, simultaneously with the distance, we have the following : 

We assume in reference to figure 4, 

q =E height of instrument point above datum. 

MP= D = horizontal distance as derived from formula (3). 

n = vertical angle. 

A sr=FE =: stadia reading of the center wire. 

Q = height of stadia point above datum ; it is 

Q = g + D tan n — h. 

The substraction oth can be made directly by the instrument, by sighting with 
the center wire to that point of the rod, which is equal to the height of the telescope 
above the ground (which is in most cases =4.5') ; q will be constant for one and 
the same instrument point ; then the formula : 

Q ««= D tan n ; 
this in connection with formula (3) gives 

Q = c sin n + a,k, cos «. sin n. 



or 



Q = c sin n + a,k. 



sin 2 n 
2 



The first term of tlie equation can be neglected, when the vertical angle is not too 
large ; hence the final formula for the height is 

XK » ^ a,k, sin 2 n 

(5; Q= 

The position of the stadia must be strictly vertical. 

The error increases with the height of w; (w = height of center wire on the 
rod) . In shorter distances the result is seven-fold better when the center wire is 
placed as low as one foot than it is at 10^; in longer distances this advanta^ lg 
only double. 

it is al wavs better to place the center wire as low as possible. If the stadia lg 
provided with a good circular level, the rodman ought to be able to hold it vertically 
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in hW ; that means, that the inclination of the stadia shall not be more than 

V in a 10' stadia, or 0.034' in a stadia of 15' length. 

determination of the two constant coefficients c and k. Although the stadia wires 

isually arranged so that the reading of one foot signifies a distance of 100 feet, 

11 explain here, how to determine the value of it for any case. Suppose the 

neer goes to work without knowing his constant, and not having adjustable 

ia wires. The operation then is as follows : 

[easure off on a level ground a straight line of about lOOO' length; mark every 

place the instrument above the starting point, and let the rodman place his 
>n each of the points measured off ; note the reading of all three wires separ- 
% repeat this operation four times ; the telescope must be as level as the ground 
vs ; measure the exact height of the instrument, i. e., the height of the telescope 
above the ground. Then find the difference between upper (o) and middle 
wire ; between middle (m) and lower (u) wire, and between upper (o) and 
T (w) wire, from the four different values for each difference, determine the 
age value ; then solve the equation for the horizontal distance (1) D = k.a + c, 

the different average values, and you find the value of k and c. In case the 
ia wires should not be equi-distant from the center wire, there will be three 
pent constants, one for the use of the upper and middle, one for the use of the 
lie and lower, and one for the upper and lower wire. 

r the stadia wires are adjustable, the engineer has it in his power to adjust them 
at the constant k = 100, or A; = 200, which he accomplishes by actual trial along 
•efully measured straight and level line. 

he constant c, which is one and a half times the total length of the object-glass 
3e found closely enough for this purpose by focussing the telescope for a sight 
erage distance, and then measuring from the outside of the object-glass to the 
tan-head-screws of the cross-hairs. This constant must be added to every 
a sight ; it may be neglected for longer distances. 
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Catalogue and Price List 



OF IMPROVED 




WARRANTED F1KST-CT.ASS, 

SUMUFACTUKED BY 

NIFF & BEKtiER, lo. 9 Pmince Courts Boston, lass. 



NOTICE. 

In selecting instruments from catalogues, engineers should not be led so much 
by a simple comparison of prices, as by the advantage offered in superior merits, 
working capacity^ and preservation of fine qualities in case of severe treatment. We 
can cite instances, where transits and levels of our manufacture had severe falls, 
resulting without injury to any part of instrument — not even disturbing the ad- 
justments. 

A greater outlay of $10 or $20 in the purchase of a superior article is a greater sav' 
ing in time and expense in the end. 
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On account of the greater compactness, our dumpy level is best adapted for 
railroads, water works and reconnoissance, etc., permitting of high accuracy by 
greater simplicity, and is less liable to derangement of all parts. As regards size, 
It tias all the advantages of the larger engineers' levels, but as it consists of a lesser 
number of pieces ancTscrews, is superior to these in point of durability and permar 
nency of atljustnients. With a properly adjusted dumpy level of our luake, («e6 
adjustment of dumpy level,) an engineer can perform as high a class of work as he 
is generally enabled to do with a good wje level, depending, as he does, not so much 
on mechanical perfections, as on his own superior skill and sense of accuracy in 
making adjustments. The upper pnit of this instrument is entirely cloth-finished. 

The instrument is packed in a mahogany box, containing a sun-shade, a wrench, 
a screw driver and adjusting pin. 

Weight of instrument 10 lbs., weight of tripod from 7 to 7>i lbs. 

Gross weight of instrument, packed securely for shipment, in 2 boxes, about 45 
lbs. 

Price $100.00. 



Extras to Engineers' Dumpy Level. 

Center of instrument made of steel, ^10.00 

" *' ^* and hardened, runs in a socket of 

cast iron, • . . . . 20.00 

Stadia Wires, fixed, 3.00 

Gossamer water-proof bag, to protect tlie instrument in case of rain or du^t, 1.00 

Bottle of Vaseline, to lubricate tlie level center, 0.25 
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Lereling Instnunent of Precision. 

Eighteen or seventeen-inch powefful telescope; aperture of object-glass 1^ 
inches in diameter ; eye-piece provided with an improved screw arrangement for the 
accurate focussing of cross-wires ; field of view large and flat ; telescope provided 
with an adjustable stop to readily set cross-wires horizontal and perpendicular ; line 
of coUimation true on all distances ; objects erect ; telescope balanced each way from 
the center whenfocussed to a mean distance with sunshade attached to U to secure the 
liighest accuracy attainable ; telescope rings and the center are very stout, long 
and of the hardest bell-metal ; cross-bar is cast hollow and provided with ribs ; 
8-inch very sensitive spirit level; instrument does not detach from tripod above 
loveling screws ; it .packs whole and stands in the case erect. Mahogany case, 
provided \vith straps and hooks, contains sun-shade, wrench, screw driver, and 
two adjusting pins. 

Weight of instrument 11 lbs., weight of tripod from 7 to 7>^ lbs. 

Gross weight of instrument, packed securely for shipment in two boxes, about 
48 lbs. 

Price, including a protection to the object-slide, .... 9140.00. 

Telescope and level tube will be cloth-finished, unless ordered to the contrary 
when an extra charge of $d.00 will be made. However, we strongly advise the 
cloth-finisli. {See dothr-Jitiish.) 



Extras to Engineers' Wye Level. 



* 



Center of instrument made of steel, 910.00 

'' '' *' ** and hardened; runs in a socket of 

cast iron, 20.00 

Stadia Wires, fixed, 3.00 

Metal-mirror with universal joint. (This is readily attachable to the instru- 
ment and facilitates the reading of the bubble on sofb ground without 

stepping aside.) 10.00 

Extra Sun-shade with smaller aperture, for use with the telescope when 

the sun's rays are too bright for accurate work, . . . . . 1.50 
♦Adjustable Wye, provided with a micrometer screw and a graduated head 
for the most refined work in hydraulic engineering. To a certain ex- 
tent this micrometer screw may also be used for gradienter work. • 25.00 

Instrument provided with three leveling screws, 18.00 

Gossamer water-proof bag, to protect the instrument in case of rain or dust, 1.00 
Bottle of Vaseline, to lubricate the level center, 0.25 

♦This arrang-cment renders a leveling instrument more susceptible to rough treatment as compared 
with an instrument provided only with the ordinary Wye adjustment. On the other hand the greater 
conveniency with which the bubble can be set, or the telescope pointed independently of the leveling 
screws, commend it for work of a very close character. Instruments of this description, and those witE 
three leveling screws, will be made to order only, and the tihie required is from six to nine weeks. 
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Engineers' and Surveyors' Transit. 

This instrument is designed for engineering work of a higli class, such as is 
required in bridge building, water works, and for city and land surveying. The 
size of the circle is such that it may be graduated to read to 30'' or 20" without 
fatigue to the eye.- Tlie telescope is of the best definition, and has a large aperture 
with perfectly flat field. The eye-piece is achromatic, and gives a lar^e field with 
plenty of light. We advise our customers to order solid silver graduations for this 
instrument, also ground glass shades over the verniers for reasons given on page 6. 

Transits No. 1— No.l c.'— Horizontal circle 6X in. (edge of graduation) , two 
double verniers reading to minutes ; two rows of figures in opposite dh-ections from 
0° to 360° ; figures on limb and verniers are inclined in the direction they should be 
read; verniers and graduations are protected with fine plate glass; graduations 
are silvered ; magnetic needle 4^ inches ; adjustment for vertical plane of telescope ; 
improved spring tangent screw ; improved lower tangent screw ; shifting center to set 
the instrument exactly over a given point ; improved telescope 11^ inches long ; 
objects erect ; aperture IX inches; power of the telescope 24 dia., which qualifies 
it especially for t^emeter work ; eye-piece is provided with an improved screw ar- 
rangement for the Accurate focussing of cross-wires ; telescope is perfectly balanced 
and reverses at both ends ; spirit-levels ground and extra sensitive ; line of collima- 
tion correct on all distances without adjustable object-slide; protection to object- 
shde ; long compound centers with heavy flanges ; improved split-leg tripod provided 
toith thumb-nuts. 

The mahogany case has a leather strap, hooks, etc. It contains a sun-shade, a 
wrench, a screw driver, an adjustable plumb-bob, a magnifying glass, and several 
adjusting pins, and weighs from 9}i to 10 lbs. 

Weight of Plain Transit, (No. 1), . . . 13>^ lbs. 1 w^i^i^f ^^ 4-^^^^ 
" '' Transit with Level Attachment, (No. 1 a) 14 " [ l^^^^KJ^r/^ 
" '' Complete Transit, (No. 1 b and No. 1 c) 14>^ '' J ^^^^ ^ ^^ ^^ ^^^* 
Gross weight of instrument, complete, packed securely for shipment in 2 boxes, 
about 50 lbs. 



Extras to Transits No. 1 — No. 1 c inclusive. 

Verniers provided with ground glass shades^ (see page 6) , . . . , 4^.00 

Graduations on horizontal circle, on solid silver^ 10.00 

'* '' '' reading to 30" 10.00 

*' '* ^* '' 20'^ 20.00 

Graduation on vertical arc or vertical circle, on solid silver^ . . . 5.00 

Gradienter attachment, (see page 20), 5.00 

Stadia wires, fixed, 3.00 

'' adjustable, 10.00 

Arrangement for offsetting at right angles^ 6,00 

SpoflPord's Patent Equal Arc Meter, .' 20.00 

Variation plate, 10.00 

Gossamer water-proof bag, to cover transit incase of rain or dust, . • 1.00 

Bottle of fine watch-oil to lubricate the centers, etc., of transit, • • 0.25 

NoTB. — Somedmes we are asked by those not intimately acquainted with the principles governing a tele- 
scope to place a higher power than is customary with the best makers upon a telescope of the size described 
above. In answer we wish to say that with the power mentioned above very good results in stadia measurement 
can be obtained, and that while the power could be easily increased, the light and definition of the telescope 
would become so diminished that it would render the instrument less efficient in more than one respect. In this 
connection we refer to the various articles written on the telescope in part I. of catalogue. ^ In some cases, how- 
evert where the instrument is principally intended for use in stadia measurements, we can increase the aperture 
of our inverting^ telescope for Transits No. 1 from 1^ to l9i inches diameter. This increase in aperture will 
permit of a higher power. Thus two eye-pieces, magnifjring respectively 27 and 33 diameters, can be supplied 
with such a telescope ; but the danger of the wires getting broken, or dust blowing into the telescope, etc., in 
changing the eye-pieces, is so g^reat, that in instruments of the above class the use* of two eye-pieces should 
be as little resorted to as possible. To increase the aperture of the object-glass to 1% inches adds $10.00 to 
thA nmit of the instrument* and where both eye-pieces are ordered an extra charge of $6.00 will be made, 
nge in aperture will add about 10 oz. to the weight of the instniment, and about 1 lb. to the w^ght ol 



Plain Troualt, 

atandards clotb-flnished, (aee cloth-JinL^h) . 
For sizo iLnd dusuriptiou of this iosirumcul, u 




Complete Ei^ineera* and Surveyors* Transit. 

TheA inch vertiual arc is proviiled «-i[li i)oiibU> viTiiitTS n^adiiig to minutes. 

Price, as aT>ove, mthuut gniiilcnter, $23O.O0. 
ItaBdards clotli-Qnislied, {sec cloth-jinM,) .... £3.00 less. 

Jffr ri^teaiid purtlculara oftliU iuaCmiuent. &s well as for JSUnM, aee pujte lOtJ. 
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Small Engineers* and Surveyors' Transit. 

No. 2. Plain Transit.* The essential features of this instrument are like 
those enumerated under No. 1 , with tlie exception of size and weight. It is designed 
to be use.d in cases tohere a lighter instrument is desirable. All tlie parts, the gradu- 
ations, tlie telescope, etc., are made witli as great care as in the larger instruments 
made by us. We can recommend it as being a very, reliable and superior instru- 
ment for railroad work, for gcneralland surveying and for mining purposes. 

The dimensions are as follows :■— 

Horizontal limb 5 Indies ; magnetic needle 3^ inches ; telescope 9 inches ; clear 
aperture 1 inch ; power 18 diameter. 

The mahogany case has a leather strap, hooks, etc. It contains a snu-shade, a 
wrench, a screw driver, an adjustable plumb-bob, a magnifying glass, an adjusting 
pin, and weighs 7 lbs. 

Weight of instrument 10 lbs. ; weight of tripod from 6^ to 7 lbs. 

Gross weight of instrument, packed securely for shipment in 2 boxes, about 40 
lbs. 

Price, as ab^ye, $185.00. 
Standards clotli-finishedy $5.00 less. 



Extras to Plain Transit. 



Spirit-level 5^ inches, witli clamp and tangent screw to telescope, . . ^0.00 

Gradienter attaclmient, . . 6.00 

Oflfsetting arrangement, 6.00 

Graduationof horizontal circle on soZWs?7v<'?% ... . . 10.00 

5 inch vertical arc, double verniers reading to minutes, 15.00 

'^ '*• *' graduation on soh'«[si7ver, . . . o • . 20.00 

5 ^' '* circle double verniers reading to minutes, . . . . 20.00 

5 " *' '* gra^dviatioii on solid silver^ 25.00 

Glass shades over verniers (to faciliate the reading,) 3.00 

Stadia wires, fixed, 3.00 

*' '' adjustable, 10.00 

Variation plate, 10.00 

Gossamer water-proof, to protect the instrument in case of rain or dust, . 1.00 

Bottle of fine watch oil, to lubricate the center, etc., of transit, . . 0.25 

*A Plain Transit is one without spirit-level, clamp and arc to telescope, see No. 1, page 106. 

Note.— If a transit is intended for very close stadia work. Transit No. 1, with its larjg^er telescope and 
higher power will be best suited for that purpose. But in all cases where greater lightness and porta- 
bifity is a factor and where only general good results in stadia measurements, as obtained with a smaller 
and less powerful telescope, willbe deemed satisfactory, size No. 2 should be chosen. We cannot put a 
telescope of the size as described in Transit No. 1 upon a Transit No, 2. It should be borne in mind 
that all parts of an instrument are so closelv related to each other that the preponderance of anyone part 
would simply impair the efficiency of other parts. A telescope of the size given above, but showing 
objects inverted, will generally give the desired result. 
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Pearsons' Patent Solar Attachmenty 

A concise description of this attaclinient to a transit as invented by Mr. H. C. 
Pearsons, and constructed by us, will be found in our manual. The accompany- 
ing illustration represents it as attached to No. l*and Ko. 2 of our engineers' 
and surveyors' transits. Of all the dillerent kinds of solar attachments in use we 
believe this to be the most efficient ever attached to a transit. Owing to its posi- 
tion on the instrument it can be easily manipulated. Its adjustments are very few 
and simple, and most important of all they can be readily proven and perfected 
in a simpler manner than in any of the solar attachments we nave seen. 

All the settings for j^osition, with tlie exception of two, are done by means of the 
level attached to the standard of the instrument, and that attached to the clamp 
aro of tlie solar. It is only necessary to make two readings of the graduation, viz : 
that of the setting for latitude and for declination. After the latitude has been set 
off, and the clamp arc, carrying the solar, clamped to the standard, the telescope is 
free to move in altitude without interfering with the position of the solar. While 
observuig, it is only necessary to watcli the level on the standard to secure good 
results. 

The following are the essential points of tlie new solar attachment as made by us. 

I. The polar axis can be adjusted to coincide with the zero of the latitude arc 
with a degree of accuracy mentioned before. This is done by means of a striding 
level which can be placed on top of two rings as in a Y level. It is then only nec- 
essary to adjust the level attached to the clamp arc, when the striding level can be 
stored away in its box, 

n. The solar apparatus is exactly at right angles to the line of collimation. 

III. The adjustment of the lens bar, to coincide with the zero of the declination 
arc, can be made similar to tlie vortical adjustment in a transit by means of a 
plumb-line in front of the instrnmoiit and,.sV(!ond, can be perfected by means of a 
plumb-line stretched over the lens bar when in a vortical position. 

IV. The solar attachment can be readily attached or detached from the transit 
without altering any of the foregoing adjustments. When detached fi'om the 
instmment, the transit is then simply an ordinary complete engineers' transit, with 
vertical arc, spirit-level, clamp and tangent screw to telescope. 

V. Its weight is 1 lb., with the counterpoise 2 lbs. 

{It is not necessary to use the counterpoise in connection with the solar to do 
good work. It can be put on, or left off at will.) 

VI. We can now furnish a telescope instead of a lens bar with J4 iiT^ch aperture 
and 6 inches focus, provided with a single lens objective and diagonal eye-piece for 
observing the sun. We also make a focal plate of ground glass instead of a silver 
one, when desired. The ground glass permits the sun to be seen from the other 
side of the plate, and tlie image of the sun is more sharply defined than when 
accompanied by the glare of tlie silver surface reflection. 

Solar attacliment, as above, solid silver graduations. 

Price $10O.0O. 
Bxtras to Solar Attachment. 

Small striding level for adjusting the polar axis, $3.50 

Colored glass to apply to the telescope of the transit to observe the sun's al- 
titude, in order to apply the correction for refraction in solar transit work, 2.00 

*Pear8on8' Solar Attachment can be placed only upon Trtinsits No. 1 b, No. 1 c and No. 2, and then only 
when ordered with the instrument. 
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Davis' Patent Solar Attaclmient. 

This inveutioii is destined to supersede all other solar attachmeDts, being by 
far the most accurate^ the most simple^ and the cheapest Solar Attachment in use. It 
can be attached to any engineers' and surveyors' transit which has a good vertical 
arc, or a good full vertical circle. We frequently attach it to our transits Nos. 1 b 
and 2, for the use of U.S. Deputy Surveyors, and others having occasion to do 
solar work. 

However, as its manipulation involves a few mathematical calculations, diflPering 
somewhat from ordinary solar attachments, we advice our patrons to carefully 
read pages 50 and 51, etc., of manual, where a full description will be found. The 
screen as shown in fig. 2, can be applied only to the ordinary erecting telescope. 
Telescopes, with objects inverted, require attachment as in figs. 3 and 4 only, as 
no screen can be used with them. These latter attachments are now mkde by us 
In a manner superior to that shown in the accompanying figures. They are 
mounted upon a frame, readily attachable to the eye-piece by means of a clamp, 
which can be clamped in any position most convenient for the observer. To bring 
the colored glasses or the prism before the peep-hole of the eye-piece, it is only 
necessary to revolve them, hence they can be used in rapid succession. It will be 
seen that these solar attachments, requiring no other adjustments than those 
common in a Surveyors' Transit, are easy to manipulate, and therefore must in- 
sure better results than heretofore obtainable with mechanical devices of any other 
kind. 

• 

Price of Solar Screen as in figs. 1 and 2, $6.00 

'' ^' Prism and Colored Glasses, as in figs. 3 and 4, . . . . 12.00 

''* '' Solar Screen with prism and colored glasses combined, for use with 

an erecting telescope, as explained in manual and shown in fig. 1, 18.00 

If we attach it to instruments which are sent to us for that purpose, we must 
make an extra charge of $4.00. 



Fitfl 




Davis' Patent Solar Attachment. 
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Moantain Tranftit. 



Ko. 3* Mountain Transit.— Size as in No. 2. Provided with an extension 
trl|>oU. riiife lasiruuifiit is well jidapted for use in mountainous regions, ciiiefly on 
account of its smaller size, lighiiiess and greAi portability. Its work is as accurate 
as that of larger instruments of its class, its wei«rlit is* 10 ll>s., witli an ordinary 
tripod complete 1(J)4 lbs., but when provided wii ii an extension trii>od three pounds 
are added to this weii^ht. Thf irradiiations aiv on solid silver vcrnierM reading to 
minutea ; ground t/lastt shades ;,5 inch nrticaf arc ; ajtirit-level clamp and gradienter to 
telescopf ; protection to ohject slide ; cxttnsion trijutd prorided with thumb-nuts^ etc. 

The niatio^ny case hii?i a leather strap, liooks. etc. It contains a Buo-shade. u 
wrench, a screw driver, an adjustable plumb bob. a magnifying glass, an adjusting 
pin, and weighs 7 lbs. 

Gross weight of in&trumt'Ut. packt»d stH-urt-ly for shipment in 2 boxes, about 45 
lbs. 

Price, complete as above, ^26O.00. 

A reduction of 815.1H.) from \\\\< pricf is made if the graduations are not on solid 
silver. 
Standards cloth-finished, ^s^doth-Hni^h,} .... #5.00 less 



Extras io 3Iouiitaiii Tninsit. 

5 inch full vertical circle, instead of arc. ....... $5.00 

Offsetting arrangement 5.00 

Stadia wires, fixed 3.00 

•• adjustable 10.00 

Variation Plate 10.00 

gnick leveling arrangement, (see maniian 8.00 

KxLra regular tripod, for use witli ii.strunient in ordmarv practice, . 16.00 

Davis' Solar Attachments, allccunplete * . . . . 18*00 

I'earsous' Solar Atta<*hment. all complete 105.50 

Prism with colored glasses, for (►bserving the Sim's altitude. . . . 12.00 

F.eather cover over case, to b<» strapped to i lie saddle of a horse. . . 10.00 
(jrossamer water-proof bag. to i)rotect the instrument in case of rain or dust. 1.00 

Bottle of flue watch oil, for the centers of transit. 0.25 

Note— Although the extension tripod is more slemlcr and somewhat heavier than our rcjEoIar tripod, its 
htiperiority for mountain work is very apparent on account of its adaptation to sudden changes in {{grades. Still, 
for general practice, it is desirable to have the re^lar trinod, insuring, as it does, greater steadiness, and con- 
sequently giving increased accuracy. The surveyor will therefore find it to his advantage to order both kinda. 
—It will be observed that in the cut the verniers of the horizontal circle are placed at an an^ of SS*^ to the line 
of sight, thus adapting the instrument to the work in a mountainous country. On the other hand this chanfe 
m the position of the verniers shortens the level in front of the telescope so much that for Tcry accurate work 
It cannot be as much relied on as when the level is of standard length and character. To avoid this we place 
an extra level permanently upon the telescope axis, as shown in the cut. In place of this permanent level we 
.sometimes fit a striding level to the telescope axis similar to that described in the note appended to oar Transit 
No. 11. The price of this striding level in place of the permanent level is $15.00 extra. In all cases where this 
change in the position of the verniers is not deemed of sufficient importance, we advise to order our TnaA 
No. 2, involving as it does a saving in the cost of the instrument. 




Mountain Triinsit. 
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Mountain, Mining and Beconnoissance Transit. 

The annexed cuts represent two complete transits of this class. 

No. 4 is in every respect similar to our large engineers' and surveyors' transit, 
with the exception of size and weight. In the cut the verniers are placed at an 
angle of 35°, but ordinarily we place them at right angles to the line of sight, 
which permits of a longer spirit-level in front of the plate. If made in the 
other way the level will be quite short. This is quite an important feature in so 
small an instrument, and the longer level should not be sacriticed, unless there are 
vital reasons to the contrary. The instrument is as carefully made as the larger 
ones, and, we believe, with careful use capable of very accurate results. For pre- 
liminary work of all kinds, as well as to till in details, it is especially adapted. 
Owing to the smaller size of the telescope and its high power, we supply the in- 
verting kind. The needle is 2^ inches long. Sometimes we make this instrument 
as in No. 4 a; it is then a transit theodolite. The standards are cast in a single U- 
shaped piece to gain as much lateral stiflthess as possible. The telescope can oe re- 
versed over the bearings by removing the upper covers, and also in the usual way 
through the standainls. In this instrument the graduation is covered too, and the 
verniers are protected by glass, as in No. 4, out the needle is only 1^ inches 
long. Its cost of manufacture, however, is so high, as compared with No. 4, that 
we are compelled to make an extra charge of SIO.OO when ordered in that style. — 
However, we believe that No. 4, having the advantage of a longer needle and con- 
taining all the latest improvements possessed by the Engineers' and Surveyors' 
Transits, will give equal satisfaction in every respect. We therefore advise our 
friends to order No. 4. These instruments can be supplied with leather covers 
over the case, to be strapped to the saddle of a horse. 

No. 4 Mountain, Mining and Reconnoissance Transit.— The dimen- 
sions, etc., are as follows: — 

Horizontal limb 4 inches ; double opposite verniers reading to minutes ; gradua- 
tions on solid silver; glass-shades over verniers; vertical arc 4 inches; tdfescope 
7^ inches; aperture from ^^^ to 1 inch; power from 15 to 18 diameters; 4 inch 
spirit-level, with clamp and tangent screw to telescope; vertical adjustment for 
the telescope axis ; shifting tripod ; double centers ; two rows of figures firom 0° 
to 360°; split-leg tripod, etc. 

The mahogany case has a leather strap, hooks, etc. It contains a sun-shade, a 
wrench, a screw driver, an adjustable plumb bob, a magnifying glass, an adjusting 
pin, and weighs 4 lbs. 

Weight of instrument 5 lbs., weight of tripod 3>^ lbs. 

Gross weight of complete instrument, packed securely for shipment in 2 boxes, 
29 lbs. 

Price, $228.00. 

Extras. 

Adjustable stadia wires, $10.00 

Fixed stadia wires, 3.00 

Prism and colored glasses for solar observations, (improved mounting), . 12.00 
Extra extension tripod, (weight 4 lbs. ; see note to No. 3 mountain transit), 16.00 

Leather cover over case, 8.50 

Silk bag to cover transit in case of rain or dust, 0.80 

Bottle of fine watch oil, 0.25 
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Hinin&r Transits. 

All of the foregoing mstrumentSy particularly No, 2 and Ko. 4 we recommend 
for general underground work. (The latter instruments chiefly on account of their 
greater portability and lightness.) The telescope may be either inverting or erects 
and may have a diagonal eye-piece (if inverting,) or a prism attached to the ordi- 
nary erecting eye-piece to facilitate sighting in a shaft. We frequently attach to 
tlie cross-axis of the telescope a side telescope, which swings free of the plates and 
permits of vertical siglitiiig up or doim a sliaft. This detachable side telescope is 
placed opposite to the full vertical circle and is parallel >^ith the regular telescope. 
The horizontal wires of both tliese telescopes are adjusted to read the same level 
Une. Sometimes we also place directly above and parallel with the line of sight 
of the main telescope, another one of smaller size, mounted upon standards, firmly 
attached to the main tube. This second telescope can be reversed in its Wyes end 
for end, and the distance between the lines of sight of both telescopes is equal to the 
radius of the horizontal circle. It will be seen that vertical sights, up or down a 
shaft, can be taken witli perfect accuracy and ease. Tliis arrangement, as explained 
above, has all the advantages of a telescope mounted upon incluied standards, with- 
out the faults common in such instruments, as the au^iarv telescope can be taken 
out of its Wyes when not in use. To avoid errors in reading cardinal points, the 
compass ring is figured from 0° to 360°, the same as the horizontal circle. Mining 
instruments should have large vernier openings to admit of as much light as pos- 
sible, and all graduations should be on solid silver. For the illumination of the 
cross-wires we place a small reflector in the centre of tlie cross-axis of the teles- 
cope of our larger instruments, but for the smaller kind we attach a reflector hi 
front of the object-glass. The tripod is provided with three adjustable legs to per- 
mit of raising or lowering the instrument in unfavorable localities. 

No. 5. Minins Transit — Dimensions as in No. 1 ; graduations on solid 
silver^* verniers reOrding to minutes are provided inth fjround glass shades ; 5 inch ftdl 
vertical circle ; spirit-level^ clamp and tangent screxcn to telescope; extension tripod, etc. 

Price, $253.00. 

Ko. 6. Miningr Transit.— Dimensions as in Xo. 2; graduations on solid 
silver^* verniers reading to minutes are provided xnth ground glass shades; 5 inch full 
vertical circle ; spirit-level^ clamp and tangent screw to telescope : cxiention tripod^ etc. 

Price, $253.00. 

Ko. 7. Mining Transit. — Dimensions, etc., as in No. ^ Instrument has 
a lamp, which serves as a target, and is interchangeable with the transit above the 
leveling screws. The lamp is of tlie same height as the transit and has a leveling 
head identical with the transit, which is i)rovided with 2 levels. 

Price of this instrument, with one extra extension tripod for lamp, $310,001 

*A reduction of |15.00 will be made if the ^aduations are not on solid silver. 
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Extras to Mining Transits. 



Lamp for mining engineering, of brass, with ground lens, f7.0i 

Small table, to attach lamp to standard of transit to illuminate wires. . . . . . • • IwW 

Reflector for illuminating the cross-wires, 

Small reflector in the center of telescope, holes drilled through the telescope axis for the illumination 

of wires, ••• 

Diagonal eye-piece, 

Prism, attachable to eye-piece, • &00 

Detachable side telescope, • SS.00 

** auxiliary telescope, (as explained above), including standards and counterpoise, etc., • • TQlOO 

Arrangement for offsetting at right angles to telescope, §.00 

Suick leveling arrangement, 8.00 

alf-length tripod, U.00 

£xtra extension tripod, 10.00 

" split-leg tripod, (see note to Not 3)f 1600 

Plummet lamp* (large size), 1000 

*/ , *♦ (smallsire), &00 

Stadia wires, adjustable . 10.00 

** fixed, 8.00 

Gradienter attachment for No. 5* 6 s^nd ?» 0.00 

Large plumb bob, weight 4 lbs., for use in shafts, 0.00 

Bottle of fine watch oil • 0.25 

Silk bag, to cover Transit. - 1.00 

Hlllllie TBAN8ITS CONSTRUCTED WITH ECCENTRIC TELESCOPE TO OBDCB. 




complex Mi„i™ ■'■""•".^gJrSSS" 



!• Bade lij K""! *^ ^»"*»'- 
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Tunnel Transit. 

No. 8. Under this heading we wish to say that the general form of the tranail- 
theodolites, described under No, 11 and No, 12, is best adapted fortunnel engineer^ 
Ing. The telescope should be inverting and be provided with a diagonal eyepiece, 
or a prism. A sensitive stiidinff level should be added to rest on top of the telescope 
axis to establish the vertical inane correctly. 

The EXTRAS in addition to those enumerated under No. 11, are as follows : — 

4^ inch sensitive striding level, $20.00 

Diagonal eye-piece, / . . . . 12.00 

Prism, attachable to eye-piece 8.00 

Lamp, of brass or copper, with ground lens, 7.00 

Small table to attach lamp to standard of transit to illuminate wires, . 3.00 
Small reflector in the center of telescope, holes drilled tlu-ough the telescope 

axis for the illumination of wires, 10.00 

Plummet lamps, . $15.00, 10.00, 8.00 

TUNNEL TRANSITS CONSTRUCTED WITH ECCENTRIC TELESCOPE TO ORDER. 



Straight Line Instruments. 

For running Straigfht Lines on the Surface of tlie Earth and in TnnnelM* 

No. 9 and No. 10* These Instruments are without circles and graduations. 
They rest either on three or four leveling screws, and are so arranged as to readily 
adjust exactly over a ^iven center, after an approxunate setting with tiipod legs. 
The telescope axis is ot hard bell metal, and reverses iif its beanngs ; the oeariiiKS 
are adjustable in vertical plane; striding level is ijrovided with a handle in the 
center and is highly sensitive. We make two sizes, viz. : — 

No. 9. Aperture of object-glass, 1^ inches in diameter ; focal length 18 inches ; 
objects erect or inverted, etc. 

Price $1IMK 

No. 10. Aperture of object-glass, 2 inches ; focal length 18 inches ; etc. 

Price $270. 

With the addition of a glass or spider line micrometer, lamp and reflector for the 
illumination of the micrometer, both these instruments may be used for takhig time. 

NoTB. — If desired, an extra striding level can be placed upon two concentric rings of equal diameter* 
parallel to line of collimation of the telescope, thus making a leveling instrument of great power and ' * ~ 

for long sights. This attachment will cost |36.00. 



Transit - Theodolite. 

For «■• te eitiMy Id tuuMlfl, Md Ihir tilttgHlstioa* 

No. 1 !• Of late years it hns been found desirable by us to design a transit foi 
nse where instruments of ordinary construction would fyH to give satisficlion, oi 
do not permit ol rapid woik where the Idghest de^^e of accuracy is required. The 
Instrument as shown in tike aooompanyine UlustEBSon has no compass, and therefore, 
the upper frame mounting the telj^0oope fihi one piece, which is provided with ribs, 
and which rests directly on the top-flange of the inner center. The result of this is 
that great lateral strength is ohtamed, which permits of mounting the telescope axis 
by means of cylinders at each end in wyes. On top of each bearmg of the telescope 
axis is mounted a cap provided with an adjusting screw, with which the neces- 
sary Motion for the revolving telescope is obtained, and these caps are also provided 
with two niilled-headed screws, whioi can be removed readily when the telescope 
is to be reversed for straight line measurements over fhe bearings. These caps are 
so arranged as to completely exclude dust from the asds. In this new aiTangement 
the telescope can be reversed as in ordinary histruments though the standards, as 
well as over the bearings, as is usual in trian^dation and for aligning straight lines, 
and last, but not least, the movement of the telescope in the vertical plane is the most 
accurate Icnown. Ordinarv transits cannot fulfil these functions owing to the pecu- 
liar form of the bearings wherein the telescope axis revolves, which bearings are so 
made to give lateral stiffhess to the telescope, on account of the slenderness of the 
standards resting on the upper plate. Manjr of these instruments are in use in the 
survey and triangulatioii of our largest cities and have given great satisfaction. 
The instrument is provided with three or four leveling screws. The verniers can 
be j)laced at right angles to the line of sight, or as shown in the cut. The dimen- 
sions, etc., are: — 

Horizontal plate 6^ inches, graduation on solid silver protected as in our regular 
engineers' instrument; two double opposite verniers, reading to 30" ; two rows of 
figures in opposite directions; long compound centers; 11 inch telescope (invert- 
ing or erect) ; 1}4 inches clear aperture; power 24 diameter; ffrotection to object- 
slide; sinorle spring tangent screws for the upper and lower plates; 4 leveling 
screws; shifting center split-leg tripod, case, etc. 

WeijB^ht of instrument with a 7 inch circle, and all complete, 14 lbs. ; weight of 
tripod 7}4 lbs. 

Price, for Plain Transit-Theodolite, $240.00. 



Extras to Plain Transit-Theodolite. 

For Extras to Tunnel Transits, sec Extras to Mininf; Transits page 119. 

Horizontal limb 6J< inches in diameter, verniers reading to 20^* flB.OO 
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Vertical arc 5 '* minutes, . »« 

Full 6 inch vertical circle. *' • ^ • JJ^ 

Two reftding glasses, with ground glass shades to verniers, IWW 

Insittrument provideil with 3 leveling screws, as in cut, ^'22 

Shifting center for instrument with 8 leveling screws (improved) . . 6.00 

Stadia wires, fixed 3.00 

ailjustable Ja'aa 

Striding level,** ,•../. / ' 22'22 

i\ inch spirit-level tcith rtversiNe clamp, tangent and gradierUer to telescope, 40.00 
Oblong compass, with motion for setting off the variation. (Three-inch 

neeiile reads only a few degrees each way from zero.) .... 20.00 

•These graduations should always be ordered with reading glasses and ground glass shades attacked to the 



instrument 




telescope 

** —A PlaiTTranstt-Theodohte is without a level, clamp and arc to telescope. 

toi tptnura in inverting telescopes see note to Transit No. 1, page MM. 




Complete Transit-Theodolite. 

Fur uiiii in clllo, In Innnoli. imr :- i LriingulatlOD. 
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S-incIi Transit fin* Triangrnlatiaii. 

Ko. 12. The form of frame cboBf n for mounting the tele&cope is as in the cot, 
which permits the reversal of the telescope through the standards, as well as oyer 
the bearings. 

The inverting telescope has a clear ai>erture of 154 inches, and is of 11 inches 




pivots of its axis, a G inch spirit-lewl (j[>araUel to line of coUimation) 
together with a reversible clam]i and tangent screw. The horizontal circle is 8 in. 
in diameter, opposite verniers reading to 10^. Its graduation is open, hut it is 
protected by a rim which is raised above the limb. ITiis instrument has three 
leveling screws which liave a larger base than is usual, and the tripodrhead being 
pro|>ortiouat<*ly large the instrument has great stability. 

Weiglit of instrument IG lbs. ; weight of tripod 12 lbs. 

I^ce, as abOTe, $460. 

This icstrument without arc and damp toteiescope. j>OO.uu less. 
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Transit - Theodolite. 

As made ftr ihm V. & CwfS •f EnginMri. 

Two of these iustriiiueiits. shown in the accompanying engraving, were designed 
and constrncted for use in the Geographical Exploration and Survey West of the 
one-hundredth meridian, and exliioited at the Centennial, in the United States 
Government Building, by Lieut. George M. Wheeler. 

No. 13 and No. 14 represent this instrument as used in the field for triangu- 
lation, and as used for astronomical observations. It is designed to combine in a 
portable form of oonstrnction, the efficiency for tteld use usually obtained with the 
larger classes of instruments. 

HoHzontal limb is 8 inches in diameter, opposite verniers reading to 1(F: vertical 
circles inches in diameter, opposite verniers reading to 20"; oblect-glass 1}^ inches 
clear aperture; focus 11 Indies; powei-g of two (fli'ect eye-pieces respecfively 30 
and 40 diameters ; power of diagonal eye-piece 40 diameters ; spirit-level attached 
to telesco])e and stiiding lev(>l capable of reading to seconds of arc ; three leveling 
screws; split-leg tilpotf; low standards are cast on vernier-plate; two eoUra gtan£ 
ards for astronomical obsei*vationS ; B}4 inch needle; round level for vemier-^late; 
spider-line micrometer ; instrument is ribbed throughout ; lamp, arm and acyustable 
plane reflector ; sunshade; adjusting pins: ease and strap. 

The weight of whole instrument is 14% lbs- ; weight of tripod S^A lbs. 

IPrice $650. 



Theodolite. 

No. 14. Price of instrument, same in size as tliat above, arranged for 
triangulation only, without extra standards, diagonal eye-piece, etc. 
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Portable Transit Iiistruiueiit fur Latitiido Observations. 



No. 16. Ajicrturo of objept-glnss 3 In.: focus 28 in.; gpidep-Une or glass 
inloruiiiet.cr ; iijuroaii'ii'i' scrpw iviiUs to Bei'UJicls of iirc ; eiilrit-levela remi to accouds 
of arc; (UhkoiikI eye-i)le<re 80 din.; lliinisilcii eytvpiwe 40 ilia.; vcrtienl circle 8 in. 

I In din.: bcTl-iiicIul plvois, two liiniiis ami urtm. iiil.l "Stable reflector; reYcrsiiig 
aiipiirnttiH ; two cn-icH. etc. 

' Price $080. 
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Portable Astronomical Transit Instrument. 

'N'o. 1 7* Aperture of object-glass 3 in. ; focus 39 in. : spider-line or glass mi- 
crometor; diagonal eye-piece magnifles from 90 to 120 dia. ; Ramsden eye-piece 
magnilies 75 dia. ; striding level reads to seconds of arc ; adjustable mirror to read 
the level from below : reser^'^e level ; pivots of hardened steel ; small adjustable 
plane reflector; two lamps and arms; reversing apparatus; two finding circles 
each provided with double verniers ; cast-iron frame rests on three leveling screws 
of steel, which are provided with foot-plates — one of them is adjustable to set 
instrument in the meridian ; two cases, etc. 

Price $1300. 

ijlotice of this Instrument^ with full description^ in Johnsot^s New Universal Cychpeedia, under 

article " Transit:') 




No. 17 

Astronomical Tramit Iu«trument. 
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Plane Table. 

The instrument, of which an excellent engraving is shown on the opposite page, 
is made by us in two dzes. 

Size 1 has a larger ])ase for tlie tahl<» to rest on than is usual in plane tables, and 
therefore is particularly adapted for the more accurate work in topographical sur- 
veying. For work of a general character, where greater portability is required,, 
we make this base of the ordinary size like those used in the U.S. Coast Survey, 
but with all the improvements of the larger base. One tangent screw is attached 
to the lower part, and this, as well as the alidade, is built on the skeleton plan, so 
as to make tliem light and stilf. Tlie alidade is provided with a powerful telescope, 
striding level, vertical arc, small round level and stadia wires, and is so arranged 
that lines can be ruled to coincide witli the line of (H)llimationof the telescope. 

Price of Plane Table Xo. 1, including table, detacliiHl compass, 2 cases, 

screw drivers, clamps. et(t $300.00. 

Price of Plane Table, No. 2 280.00. 




Plane Table. 
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Current 3Ieter8. 

/Vtt description see manual. 

Price complete, in mahogany casf'. as in Fi;r. I $125. 

" -11 160. 

'• •• in 3 mahogany cases. '• •• HI, with rh-ctric register 
and one batten* 185. 

Xos. I, II, III, witii the addition of tho floating wheel extra, $15.0a 

Price complete, as in Figure IV. with electric register and one batterv 

etc.. ]>a<:ked ii^ 3 cases * . $195. 

Price of tliis instrument witliont electric register and battery . . 135. 

'riie instruments as represented \\\ Figs. Ill and IV are those made by us for 
the U. S. Engine<*r Corps. For speed, as well as for accuracy of work, we belleTe 
they are not excel IchI. 

The electric current meters are sometimes )>rovided by us >vith an arrangement 
for sounding depths, as well as to si<jnal above when the meter touches tbe 
bottom of the river. This arrangement is connected with an electric bell, which is 
attached to the register. 

Price extra: $15.00. 



Current 3Ieter No. A".* 

An illustration of this instrument 7v ill be found on page l'J7. 

This form of Current Meter is specially adapted for observations upon smaller 
rivers, streams, conduits, Humes, etc. It is provided with a registering apparatus 
similar to that described under No. II., page 02 of catalogue. For more extended 
observation upon rivers, etc., an electric register and battery similar to those used 
with Nos. Ill and IV can be supplied with this instrument. 

Price of Current Meter No. V, supplied only with the ordinary 
registering ax>paratus, as shown in the main cut on page 137, and 
with 12 feet of brass tubing, made in sections of four feet, and 
graduated in feet and tenths. Complete in two cases, . . . $16O«O0. 

Price of Current Meter No. VI, in all respects similar to that 
above, but in addition to the ordinary registering ap|)aratu8 this 
instrument is provided with an electric register, one battery and 
copper wire, as shown in the smaller cuts on page VXl. Complete 
in four cases, $22O.O0. 

♦For further information on this Current Meter read " Description of some experiments on the Flow 
of Water, made during the Construction of Works for Conveying- the Water of Sudbury River to 
Boston^" by A. Fteley and F. P. Stearns (Transactions of the Society of Civil Engineers, Jan. -March, 
liS8.'J) Also, •* On the Current Meter, tog-ether with a Reason why the Maximum X'elocity of Water 
Flowing in Open Channels is Below the Surface;" by F. P. Stearns; a paper read at the Annual Con- 
vention of the American Society of Civil Engineers, St. Paul, Minn., June 21st, 1N<J. (Transactions, 
etc.. Vol. XII., August, 1883.) 



For tha ManalsBM *l Mi «■ 
tnat aortertkHnniMtsrou- 
ah*«, ud thtrrloMqaitot an U 

Guuges. 

Ko. 101. HookGaugei, according to al/e and construction, from 
*■ 105. . Rain Gauge, Smithsonian luetitiite Fattierii. 



Portable Anemometer. 

Jfl'o.lOG, All instrument used for measuring 
tile ■velocltyofaircurrentepassiiigat any point 
o<> t.liesurfaceoftlieuartii,orif used In mines,! 
•"ttt, ^ tlie velocity of the ah' can be ganged 
*t siiiy deAned point in tlie cross-section of ii 
»"sift. The instrument is capable of rogia- 
t«i-i»iefromlfootto 10.000.000 cubic feet of 
*•*■ - Full instructions for its use and regula- 
^i*=*ii accompany each instrument. 

Price, $30.00. 




Plaiiimeter. 




An instrument for inenf:iiriiig the areas of plane surfaces, by p.issing a pointer 
^I'ouiid their peripiicry. It is of great convenience to all elassee of engineers, and 
l>i.'actically applicable to a j^i'eut variety of purposes. To measure the ai'eaa of 
^|!;ureB that are bounded by irregular lines, suchas: — drainage areas; lut^ bounded 
oy rivers or creeks ; contour lines of ponds, etc, ; to get the true avenige of obser- 
vations taken at irresular intervuLi ; to measure Indieator and other Oiugi'iims. anil 
tor many other poitioUH of eiigineerhig work. As thes<t iiisrruinents will not only 
^ve tiie area of any ligurt-. but also any multiple of such area, anil the sum of au>' 
■lumber, or series of sueli nuiitl]des. at one operation, they may be uoed to verv 
great advantage in the calculation of tiie cubical contentn of solids: as hi the cal- 
culation of eartli-wiirk, etc. See o« this point an article by Cli'men!" IliTScllel. Esi|., 
cavil Engineer, of Boston, in the Juurnal of the Franklin Institute for April, 187J. 
and the dtrectiiins for use wlilcli u-e furniBli wltlx-ach instrument. Karth-work 
measurements, made in the manner indicated, do nut rr-qtiire the. jilnUiHi/ of rrimii- 
•ections. The planlmetci-s grathiated by ns are rated to read squai'e inches of unii. 
square centimeters of area, any mulli|ile of tiiese areas, and so as to give tliecnbie 
rards In any cut or till, if use<l ai-cordlngto the din-ctinnsthut n'lll aceompauyeaeh 
UiBtrumeot. Two consecutive uieasnrenients of the Riime area nii-d m-ver differ by 
more than 0.02 of a si|uai'C Inch; and by repeating ttie measurement in the i^ame 
manner that angles are repeated with a'transit InBtrinnent. the en-or <)f observailon 
may be reduced to but a small fraction of onchundredlii of a sijuare hich of area. 
So. 107. Price of instrument, wtien rated us aliove hidi.ated, 33.00. 

" 108. ■■ ■■ not -■ but with all our hnprovenicuts. 28.00. 



Reflecting Instruiueuts. 




No. 130. Optical Square, to take right angles 30.00 

■■ i;W. Pocket Sextant, best ijuality 50.00 

" 13.'). Hellecting ciicle, after Piator & Martin's, 10 inches (iiiiincter, 

reading to 10". 170.00 

" 13C. Reflecting Circle, same liind, inches diameter, reading to 30", lOr.,00 



Hand Levels. 




N'o, 140. Locke's Hand Level, of brass and nickel-plated. 

■ 141. ' ■ 

- 142. Universal Pocket Ijcvel, complete. 



«] 1.0-1 

111.011 
'22.50 




So. 143. Abney Level and Clinometer, 



141 



Leveling: Bods. 



6- 



(3- 



Xo. 145. 



No. 146. 



^o. 147. 



f 



Xos. lo2 & 153. 



No. 154. 
^IG.OO 



No. 145. New York Hod. with improved nioimtings. . . . , 

Extra Target for New York Kod, for use with gradieiiter, or sta- 
dia measureineuts, 5.50 

Extra Clamp for New York Rod, 2.60 

'' 140. Phihidelphia Rod 18.00 

Extra Target for Phihidelphia Rod 5.50 

147. Boston Rod, . 15.00 

148. Minhig Rod and Target, 5 feet long, Philadelphia pattern, . . 15.00 

149. Flexible Self-reading Level Rod, . . , ... . 4.00 

This rod is prepared on canvas and can be rolled up. When used it is fastened upon a 
board with thumb tacks. 

150. Metric Level Rod, Philadelphia Pattern 18.00 

151. ^- '• '' New York Pattern, 18.00 






Ranging: Poles. 

No. 152. Six feet long, of steel, 

^" 153. Six feet long, of iron tube eleven-sixteenth of an inch in diam,, 
with steel shoe and divided off in feet, which are painted white 

and red alternately, • 

^4irht feet long, of wood, with steel ahoe ?twOi o:\s\<Si^(5l csSl Vcw l^«j^ 
^hich are painted white and ted aUertv^teVj , ^ . . » 



94.00 
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Palne's Steel Tape MeasureB. 

H beb irlde. !■ LuUer Cu«s,wltli flnib lundlea. 




160. 100 feet Paine's Steel Tape. divUled In lOths 815.00 

161. 50 - ■• " „ .. ..._,. 8.00 
162.100 " ■■ ■■ Oil one side, on the Other 

in centimeters, 20.00 



Chestennan*s Steel Tape Measures. 

^i lach wide. In Leither Beici. 




163. 100 feet Chesterraan's StKelTapc. divided in lOths. . aia-W-Z^.** 

Iftl. 66 " •■ '■ " •■ . . . . ll.OO 

165. 50 ■■ •■ '■ '■ ■• . . . .-?r«frj!r» 

ICO. 33 " " '■ « ■■.... 6.25 ' 



Chesterman's Pocket Steel Tape Measures. 

■■ flarnaa Hllnr Cuci, wltb iprlag aad itop. 
;{ feet long, divided in lOtlis Kl-i.i 

5 ■■ '■ •■ ■■ on one side, nnd in centimeters iiriil mil- 
limeter!: on the otiier sidi- 2..1U 



Excelsior Steel Tape Meaaures. 

H Inch wide. PatMt Bnu Fnmc wltk Handle. 

No. 170. 100 foet Excelsior Steel I'apc, divideiUiilOtlis «16.00 

■■ 171. 50 " ■■ ■■ ■• ■• . . . . 9.00 

Excelsior Steel Tape Measures. 

•^ lack wide. Id Luther Boiu. 

No. 172. 100 fcPtExceUior Steel Tiipc-, liividcil ill lOths »15.00 

■■ 173. 00 ■• ■■ " •• •■ 10.50 

■' 174. uO - >• " ■• " . . . . 8.00 

Excelsior Metallic Tape Measures. 

1> I^atlier Boiei. 

\<>.17.'>. 100 feet Metallic Tape HeaBure, divided in lOths, . . . «6.0O 

176. Of. " - ■■ •■ •• 3.80 

177. r* '• '• ■■ ■• ■•.... 3.00 

178. 33 ■■ *■ >• •■ ■■ .... 2.40 





standard Steel Tape Measures. 

>r dtj ud bridgs en^nMrlns, Id lengths from 100 to 1000 fMt. 




These tapes are the exact United Scntea Stiiiidard and linve no |olnts. They are 
guncRilIy Hiaile ia lengths of 300 feet with gi-aduEitloiis at every lO feet, the last 10 
feet graduates In elngle feet, and the last foot into lOths. For railroad and iindeiv 
zroniid work we fVequcntly fiU'nigh them in lengtlis of 400 andoOOfcet. A clamping 
".anille can be furiiished to attach to the tape at any desired length, if ahorter 
iiicasnreB than the whole leiigtharc intended to bematlc. Wcalsocant^irni^hasmall 
hrasseiamp to fastenontlie tape in order to mark lengths that are used repeatedly. 
Price of tape 100 feet, gmdnated nt every 10 feet, the last 10 feet graduated 

ill single feet, the last foot in lOtlis, $10.80 

Price of tJipe 100 feet, marked only at 50 feet, ... . . 6.00 

Every additional 100 feet, marked only every 50 feet, .... 5.50 

Extras to Standard Steel Tape Measures. 

Each additional grud tuition and lignriiig, 30.20 

Reel, handle atiUBtop to wind up tape 4JiO 

2 large brass liandles to unship, 3.00 

Clamping handles, each 1,80 

Small brass elauip to fasten on tape, .75 

Standards of Len^hs. 

"■Ve can snpjily tlie U. S. Engineer Corps and otliers witli tlio Bt:in(lard wnti- 
mcters and inclies uiado by l^rof. William A. Itogi'i-s. 'I'he centimeter is divided 
Into 100 equal parts, and is giiaranteed to be one. oiK^lnnidn'dtli pint of tin! IT. S. 
Coast Survey meter marked Y and M No. 2. Tlie IikIi Is one tlitrty-st^itli of the 
U. S. Const Survey yai^d, engravL'd on the same bur. Graduatious made on glass, 
polished tempered sCeut, silver, &(i. 
Price from 80.00 to 920.00, includiugatabiiliu'statemuutof the errorsofgradnatlons. 



Metric Steel and Metallic Tape Measures. 

!■ Leather Boiaa. 

No. 191 20 Meter Steel Tape, divided ia. metcrsand ceuCimeters, 9 mm. wide 913.00 

" 193 10 " " 9 " 7.00 

•' 183 ao " Metallic Tape, divided in meters and centimeters, 17 mm. wide 4.()0 

" IM 10 " MetallicTape,divided in metersand centimeters, 17 mm. wide 3.U0 




;. Siirriiyore' Cliaiii, 2 Jjoles. 5(1 links, No. 13 beat steel win-, hrazeJ _ 

links and riii^s, . 85.30 

;. Hiirveyors' Cham, 4 poles, lOOlinka, No. 12 beat stenl wire, brazed 

links und rltig^ 10.00' 

En^tieers" Cliaiii, 50 feet, 50 links. No. 12 beet steel wire, braznl 



./ Clialii, 100 feet, 100 links, No. 12 Iirat sCeel wire, hra/pii 
liiika anil rings 11.51) 



"■t: 



Metric Chains. 

I. 20 Meter Chit 111. GO links. No. 12 bcF^t sEeelwire. brazed links and rlu^a, SO.IK 
. 10 '■ " 30 '■ ■■ 6.01 

Extras to Tapes and Chains. 

. Pocket Thernirtni liter, $1.E( 

:. t^[jring Balance and Level. 4.D( 




, Setof Marking Pins, 



Odometer. 

iiriiis (listanw.s traveled by earriage. . (30.40- 




Pocket Magniflors. 





No. 3-21. RiibberCase, aslnuut. size Oflens I incli i]iami>U'r, . 
■• 222. - •• '■ 221. ■■ " IX ■■ ■• . , 

•■ 333. 2-21. " •■ l>i • ■■ . . 

" 2M. ■' "> ■■ imt '■ of lensca, I'/i nud l}i in dlunietpr, 

•' 226. .SlipUCase, asiii221, slzeofletislX lii<^1i(ilameti>r. . 

"■ 22S. " " •' 234. ■• leuaes ij^ ami 1^ iiioli dlmnetfr. 



Gossamer and Silk BagH. 

Go-s-irncr WnCer-prnof Bag, to fiorir Transit or T.pvel in case of riiiimr liiist, 81.011 
Silk Bag, to tover Triiiisit. witii solid silver Kraduatioiis 1.00 



Lubricants. 



Utensils for Cleaning Instriiiiients. 

CamerB Hair Brush (W.Jd 

Stiff Brusli for dt^aniii^ screw-threads, 

CliamoIa-sltiLi for cleauiug leases, centers, etc., 

Stick fOT cteaDing centers, 



Spirit Levels. 

(' spirit Levelg, of all sizes and grades of 



;, accurately 
fromaO.SOUtl^ 



INDEX. 



PAGB. 

Abney Level, and Clinometer, • . . . • 140 

Altazimuth, 129 

Anemometer, Portable 138 

Arc-Meter, Spofford's Equal, u 57 

Astronomical Transit Instrument, 130, 231 

»* •* " for latitude obser- 
vations, 130 

Astronomical Transit Theodolite, 127 

Care of Centers, 11 

Care of Instruments, 11 

Care of Telescope Lenses, 12 

Centers, The 18 

Chains, Engineers' and Surveyors' 145 

** Metric •••• 145 

Chesterman's Steel Tapes, 142 

City Transit, 123 

Clinometer, 140 

Compass, The. 8, 18 

Compass Variations, 18, 19, 43 

Compasses, Surveyors', Pocket and Marine, 139 

'* Miners' 139 

Construction of Instruments, General 9, 10 

Cross Wires, Illumination of 9 

Cross Wires, Insertion of 15 

Current Meter, 61, 135, 137 

Dumpy Level, 33» 101 

** " Adjusting 33 

Engineers' Chains, 145 

Engineers' Dumpy Level, 33, loi 

" Wye Level, 30, 103 

Excelsior Steel, and Metallic Tapes, 143 

Extension Tripod, 41.115, 119, 120 

Kinish, Styles of, cloth and bright 10 

Flexible Level Rod, 141 

Gauges, 138 

Graduations, Care of 11 

Graduation of Circles, 6, 11, 15 

Gradienter Screw, 7» 20 

" ** ^ Tables for use of 23, 25 

Gossamer and Silk Bags, 147 

Hand Level, Locke's 140 

Lamp, for Mining Engineering, 146 

Leveling Instrument, Engineers' Dumpy 30, loi 

*' •* Engineers' Wye ^.30, zo3 

" " of precision, 121 

Level, Locke's Hand 140 

Leveling Rods, 141 

Leveling Screws, 19 

" " Three versus Four, 19 

Lubricants, 147 

Magnetic Needle, Balancing 8 

"^ ^ •' Variations of 18,43 

Magnifying Glasses, 147 

Marking Fins, 145 

Meridian Lines, Inclination and Convergance of. ...42 

** " Table of Convergance of 48 

Metric Chains, 145 

'* Steel and Metallic Tapes, 144 

Miners' Compass, 139 

Mining Transit, 117, 119 

Mountain Transit, • 115, 117 

Object Glass, Slide Protector, 9 

Odometer, 145 

Offsetting,^ Arrangements for 9, 27 

Optical Principles of Engineers' Telescope, 13 

Optical Square, 140 

Packing 01 Instruments, 10 

Paine's Steel Tape, 14a 

Pedometer, 145 
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PAGB. 

Plane Table, ^ 33i i33 

" ** Adjustments of • 34 

Planimeter, 58, 138; Theory ot 59 

Plumb Bobs, 8, 26, 146 

Plummet Lamp, • 146 

Plumbing and Centering Arrangement, 36 

Pocket Compasses 139 

Magnifiers, 147 

Sextant, 140 

Tapes, 14a 

Portable Anemometer, 138 

*' Astronomical Instruments, 128 — 131 

Prismatic Compass, 139 

Quick Leveling Arrangement, 9f 20, 115, 119 

Railroad Transit, 105, no 

Rain Gauge, 138 

Ranging Poles, 141 

Reflecting Circle, 140 

" Instruments, 140 

Refraction, Correction for 38 

Refraction, Correction for, Tables, 44, 45, 47 

Repairing Instruments, la 

Shifting Tripod, 8,26 

Solar Attachment, (Pearsons' Patent,) Descrip- 
tion of 35, JII 

Solar Attachment, Degree of Precision required,.... 41 

(Davis'Patent,) Description. .50, 113 

Latitude to find, 54 

Nautical Almanac, Use if 52 

Reducing Observations, For- 
mulae for 53t 54> 56 

Solar Attachment, Watch to Correct, 55 

Spirit Levels, 7, 19, 147 

Stadia Lines, 7> 36, 63 

Standard Steel Tape, page 144, Extras to 144 

Standards of Lengths, 144 

Straight Line Instrument, 121 

Surveyors' Chains 145 

Surveyors' Compass, 139 

Surveyors' Transit, 105, 1 10 

Tangent Screws, 8 

Tapes, Steel and Metallic, 142, 144 

" Extras to 145 

Theodolite, 127 

Telescopes, Special features 'of 6 

Telescopes, Description of 15 

Telescopes, Optical Principles, 13 

Transit, Astronomical 127, 129, 130, 131 

" City 123 

Engineers' and Surveyors' 105, 109 1 10 

Mining. . . • .• 117 — 1 19 

Mountain 1 15, 117 

Railroad 105 — 1 10 

Reconnoissance, 117 

Theodolitej 123—127 

Triangulation 123 — 127 

Tunnel •.*•••. '''> "23 

Transits, Adjusting, Directions for 28 

" Adjustments of 27 

** Setting up 27 

Tripods, 8 

Tripod, Extension 1 15, 120 

Tripod, Half Len^h 119 

Utensils for Cleanmg Instruments, 147 

Variation Plate, 8 

Verniers, i5» 3© 

Wye Level .^ 30f «o3 

Wye Level, Adjusting, Directions for 3' 

" " Adjustments of * 3« 
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